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SPECTROSCOPIC CONSTANTS OF MOLECULES. VI. 
DEPENDENCE OF FORCE CONSTANT ON 
ELECTRONEGATIVITY 

VAGM5NDRA 1*AL VARSHNI 

iJErARTMEN-l’ OF I'hYSICH, Ai.L.AHABAD UnIVTORSITY, ALLAHARAP 

(Received, Jamumj 5, 1957) 

ABSTRACT. J^'or duitoms lorniod ouli of plonioniR bolongmp to tho name siib-grouji 
ril tbo poriorlir tnbic, it liiiw boon Hhovv'n that 

log kp, = g log + It. 

Avhoio 7 and It are confitantH and xj and Xjj aro tho oloclronngativitioh. 

\ Halation botwoon tho foroo conataniH of diatomf? A .4 and AH haw also boon siiggostod • 

kc (ATI) p Icp {AA)-\ g 

wdifiro p ami q aro conatantR for oar.h grouji. 

r N T K. () D U U T J 0 N 

Tlio oolii'C])! of "oloctronogativity” introduced by Paidiug (1932, 1944) haw 
proved to be voi'^ useful iii the imdorstandiug of the chemical bond. Eleetro- 
nogativity (.«) is a measure oi the power of an atom to attract eleetroihs to itsoll. 
It has achieved an astonishing suc,cc.s.s “in correlating a vast field of chemical 
knowledge and experience" 

1‘auliiig’s original values of elocti-onegativilies have lieon revised and extended 
by him and others, and various comparisons have been made between electronega- 
tivities computed on basis of Pauling’s assumptions and those computed in other 
Ma\'s Iveceiitly the subji*et has lieen exhaustively reviewed by Piitehard and 
Nkmner (1950) (lordy and Thomas (195(i) have eumpared electronegativity 
values derived by different inefhods and have suggested the “best" values. 

A number of attempts have been made to investigate the depeudcnce of 
moleimlar proiierties eg. dipole moment, force constant, ionic charaotcr etc. 
on elcetronegativitv. 

(fordv (194()a, b) has loiiiid that for bonds of similar nature 



\idierc K — force constant 

Vp — interiiueloar distance 
N -- bond order 
ff, b — constants 
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An iiiloniMtjii^ roaturo of tn{. (J) ih the fact that and aic involved as 
[)roduct x^jTjj rather than as a differcjice Exceptions to dordy’s relation have 
heoii found hy sevoial wojkers (Cottrell and Sutton. 1947) 

lleceiil ly, Willianif-' (19511) has proposed that for elements of fj;ioii|)S JV to VII ■ 

- -70l(;^>^)'^ .. (2) 

whei e 3 IS the iiumher of valence electrons in the atom and is its ( ovaleiit radius 
(?r)nihinm^ e(j (2) with (lordy s e(j (I) he derives 

Ic, = _| y; (3) 

Krom this, Williams jiuls forward the view that force constant is priniarily 
.1 hmetion of iinmher of valence electrons, jather than that of electronegativities 

y K W K E L A T JONS 

In rliatonnc moleeiiles formed out of elements ^1 and i>, bolh beloii^iiitj; lo 
the same sub-^roup of the periodic tabic, the valence forces are similar 

In view of this it was conjectured that the of such molecules may shenv rdniplo 
relafionship with (he eleetionc^ativitics of the constituent atoms 

It has been found that for such molecules log Av, is Imeai* with log .r^ .Vj^. 
'Phe relationship can be rejjrosentod as 

log Av-glog.i^av (1) 

wheie g and h are constants foi each molecular grouji 

Ihit chard and iSkmnei (1955) and (loidv and Thomas (195(1) have suggestiMl 
the ‘best’’ values of clectronc-gatn^ilics While for most of the elements the t^o 
scales agree, for fVb group elements theie are serious differences A com- 
jiromised set ol values selected with the guiding principle that eleetroiiegativitv 
should decrease regularly as one passes downwards in any subgrou)) of the periodic 
table (l'\ijans, 192S , Walsh, 1951) is given m 9’ablc I and has been used in the 
present paper 
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The applicability of equation (4) hats been illustrateil tor la-la, bb-Ob and 
7b-7b groups in figures 1. 2 and 3 respectively The values of the constants 



f/ and h are recorded in 'fable 11. Numerical Jesuits have been tabulatetl in 'fable 
111. All force constants are in Des. (10^ dynes/cm.). Uncortaiji values are m 
parentheses. 

The applicability of relation (4) for such molecules in which tins two atoms 
heloiig to two different groups was examined but the results are not very encourag- 
ing Figure 4 shows log against log for 4b-6b group. Force constant 

data were taken from Varshni and Ma]umdar (1955). 
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Spectroscopic Constants oj Molecule 

TABLli: ill 


(tIOU] 1 DlUtOTll 

obfl. 

L'f I'lilo. 

IV, CU'Ol 

In. — In LiLi 

25r)2 

2389 

- 0 39 

NuNa 

1717 

1803 

' 5 00 

KK 

o‘)8r» 

09.‘)(l 

3 . 55 

MbK.li 

.0820r. 

0829 

1 1 , 03 

CsC\s 

06902 

0072 

2 04 

KLi 

(.1487) 

1507 

1 1 34 

MbLi 

( 1294) 

1408 

1 8 81 

CsLi 

( . 1091) 

1267 

1 15.81 

KNh 

1296 

1303 

-1 54 

KbNa 

.1213 

.1218 

i tJ 

C^sNu 

(.1109) 

1090 

1 17 

(^sJdi 

.0748 

.0747 

13 

(U)-6b OO 

1 1 . 70 

12 22 

4 3 91 

isy 

1 . 9r.9 

■1 75 

- 4 21 

Sefclc 

3 613 

3 082 

1 1 91 

Te'IV 

2 308 

2,101 

1 1 41 

SC) 

7 93 

7 62 

- 3.91 

SoO 

6 410 

0 707 

I 4 0.7 

ToO 

.■>.304 

5 42.5 

1 2,28 

ToSo 

3 002 .S, 

2 977 

83 

71) -71. FF 

6. 330 nY.| 

0 869 

( 1 8 41) 

CICI 

3 279 

3 044 

- 7 17 

Bi-Br 

2 457 

2 459 

1 08 

IT 

1 ,721 

1 73 

h 52 

GIF 

4.5G2 

4 573 

T 24 

BrJ'’ 

1 071 

4.11 

95 

EF 

3 621 JJ, 

3.440 

- 4 83 

IbCl 

(2 07r.) 

2 736 

1 2 28 

U’l 

2 290 

2 295 

04 

IKr 

2 004 

2 0(>3 

0.5 

Soo noUin bolow 

'I’abln V 

Avm 

1 2 95 

Walsh (l!i')l) noticing that 

the variation of force 

( oiistants 

of diatomic liy- 


(Iriclcs is very similar to t^aulin^’s eleotioiiegativities, has snggcstecl that the foice 
eonstant of a clialomie liyclridc Ail may he considered to be a measmc of the 
eJeetronegativity of tlie corresponding atom A . This suggests tlie jjossibility of 
a connection between kJ^AA) and hAAH). It was found that in this case k^AA) 
is linear Mdth k^AH). Thus 


kAAH)^p K{AA)^-q 


( 6 ) 


f) 
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o and 0 dopicl the relation graphically The numerical values ol 
p and tj for dilfcreiit groups arc given in Table IV. Observed and calculated values 
of kg{Ali) h(i,\(i been compared in Table V. 



7 B 

log Xa Xb 
Fu. 4. 


TAllLK 1\ 


Group 

P 


Ifi-H 

2.062 

.273 

6b -H 

.5602 

1 . 206 

7b -H 

1.405 

. 66r> 




(jlmup 

1 )iaiom 

M.L4) 

Diatom 

hciAH) 

h^AH) 


-l.-l 

obs 

AH 

obs. 

calc. 

In 

LiLi 

'2552 

LiH 

1 .026 

1 026 


MitNii 

1717 

NnH 

781 

.780 


l\K 

, 0985 

KH 

5614 

564 


I^I.Rb 

0820 

RhB 

514 8 

5150 



. 0090 

CsH 

467 

477 


h’rh’i' 

0595 oi;, 

Pill 


.449 

hli 

00 

11 76 

OH 

7 792 

7,794 


SH 

4 959 

SH 

4 193 \j. 

3 984 


So So 

3 613 

SoH 

3 18 oS;i 

3 23 


ToTo 

2.368 

ToH 

2 53 oS:, 

2 533 


PoPo 

1.51 eC, 

PoH 

2 1 nS., 

2 . 052 

71. 

PF 

6 336 eV, 

PH 

9 655 

9.567 


OICl 

3.279 

CLTI 

1 157 

5 . 272 


HiHr 

2 457 

RiH 

4.117 

4 117 


U 

1 721 

JH 

3 142 

3 083 


AtAi 

J.213 eC, 

AtH 

2.7 eS, 

2.. 37 

Notoa on 

Tables 111 and 

\'’ . Kxoopt for 

■ the follow ig, other data have 

been taken 

from Herzborg (1951) 





0 — Bsiimated value, C,— 

-Clark (10.37), 

]■), — Dm’io 

(1951), La—Leach 

(1954), S.,— 

Slieline (1950). 

Force Constant of AtH has 

been Freshly 

estimated, S^ — Sharma, pnvatt^ 

eommimicalion 

,, Va — ^IMajumdar luid Viirslini 

(1954). 
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DISCUSSION 

First relation . 

E(|iialu)M (-1) (Fipjuies I to 3 , Table ITT) . Makinj^ due allowance for the 
uiiccM’tiiiniies in the clci lionc^ativity Auilnes, Ibc i elatioiiship is well followed 
However, in ease ol (IsLi the (alenluled value is inueli Iii^her than the observed 
value. It may be pointed old Unit the ohserveil value is unei'itani and that other 
methods also iiredid a highei value of for this diatom (Varshiii, Ibfio). It is 
not, unlikely that fiiither invest iijations on (his moleeule may lead to a highei 
ohserveil value In lij^uie 8, for FF, the estimated Aodue of (Majumdar 

and Varshni 1054) whieh is hifrlier than the reported value has been plotted The 
position ot FF in the ti^ui’e supfiorts the estimated value 

Sfcond rvlalioH 

Kipiation (5) (Figures 5 and h , Table \') The linearity is well obeyed. 
Line for 7b ^roiifi furtlicr supports the estimated value of k^ (FF) (Mapimdar 
and Vaishni 1054) 


A C K N O AV L E ]t C M E N T 

I’he authoi i.s thaiiklul to the I’ F iSeientifie iteseareh (Committee for a re- 
seareh j;rant. 
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AN X-RAY STUDY OF SOME LEATHERS 

l> M. CHACKJiABlIKTTY anji U CHAKKAVARTI 

JjJCrATlTMKNT OF (JKNJ<.KAi- PjlYHICH AND X- UAYS 
InHI\N \,SS()rr\Tir)N FOJt THK (JUJ/nVA'I’TON of ScIKNCE, .1 A^ ADrilll, 
(.'Vl.OlJ'J'TA 

(Itei acd. Mat/ 1.1, Ilin7) 

Waio I 

ABSTRACT Tliw .ypacingh «>1 i lio diffum* lutoiiso band of Homo Jouthor wamploB woio 
iiioaHurud. Jl was obaorvefl that blio Hpacings «oio viirymg fioin samjJo to satnplo. The 
^'u rial, ions aiv (‘xplanK'd oti (h., basiH of Pauling’s model of follugoii-gclatin Hbi-ucfcuro. 

I N 'r K () ij u u 'r 1 () X 

riio outHtiUKlijig works on Jcathers and skiiLs which arc cJassitied nmlcr 
( ollajrcn-jriiliitin protean group were mainly coidiiicd to the measurement, ol 
m(‘ndionnl and eijuatorial reflections and the mteipretation oi“ such rcflec,tions 
It was poiiiterl out hy Bear (1})44) tlial the principal mondiomil arc was varying 
(roll) 2S2 A to 2 1)()A, and the principal equatorial refieetion helwecii 10.4 A 
U) 15.5 A 11ie variation ol the equatoiial reflection was ai-couiited for but the 
variation ol spaciiigs ol meridional lelleetion has iievei been sonously lookorl 
into. Pauling (lUol), however, proposed a model of the jioJypeptide I'hains in 
coJlagen-gcJlatiii protein with special lefeieiice to dried tendon for which he 
accepted the value ol the jnmdpaJ equatorial reflection as I0.4A anrl the men- 
dional i cflectioii as 2 HOA and set up a satisfactory Hti nctiire by assuming alter- 
nation of twd CIS groups and a trails gionj) m polypeptide chain and three such 
polype, ptide chains coiled into helix, the binding bet ween the chains being achieved 
Ijy intramoJeimlar hydiogen hoiirls. The, coiling of the chains were achieved 
<it the a-carhem atom, Tin* importaiif features of such structure are (1) the 
dihedral angle at these carbon atoms is 97', (2) the helix lormod hy a single chain 
of collagen^ molecule has ivcarlv a ‘Mold screw axis ol' symmetry and (;}) the value 
t,„- C~N-C in polypeptide chain is J2;T A sot of co-ordmates weie deiivetl foi 
diffeivnt atoms on tht‘ above considerations and the derivation of the form 
factor F led to llie calculated inteimitv and spaciiigs of (orlaiii baTiids The im- 
poj taut diffuse mUmse band of some eonsideralile intensity was calculated to be 
4 72A. 

K X r K K I M K N 'r A Ij O tt S K It V A 7' Ml NT 

Ihc \erilicutioii ot the structure rei|uires an aecnrate measurement, of the 
hand spacing particularly that of the calculated intense hand at 4.72A. For 
dried (cndoii onh flic ohseived spacing of .such hand was reported as 4.4 A hy 

LO 












An X-ray Study of Home Lejithern ^ I 

Aatbury (1940) and 4.37A by Paulul>^ aiul ('orey (I9b]) In (ho proHeid iuveaii- 
o;ation we have (‘oneentrated (nir attention ort the rnea&nromenl of tlie dilTuHo 
baud ill different samples of leather with the idea of eorielating the observed and 
calculated spaciugs bhich leather or skin specimen was cut into thin stri]) and 
inountod on n frame. This frame was in turn mounted on a gonjometer head 
of X-ray camera and pictures were taken in (hiKa and CoKa radiations whi(‘h 
showed bands and in several cases faint lines of chemicals like NaCl used during 
tanning Using the obaervcvl 200 reflection of NaCl as the internal standard in 
some cases, the spacing of the diffuse band was calculated and some of the results 
wci'c verified by taking jihotometric records Foi aecuirate measurement some of 
the xuotnres wore taken in cobalt radiation in.stead of coppei ladiation. The 
results are tabulated in ''J’able 1 and the pictures are shown seyiaiately iii Plato 1. 

TABl.K 1 


SniiiploK 

( 'innera radnis 

Kadiatiuii uFied 

Spacing of the 
(liffufle mteiiHe 
bund 

Samplo 1 

rin.s. 

(\)])pi*i 

4 32 A 

Siimplo 11 

3 cms. 

( 5opppi' 

1 17 A 

Sample III 

cmti. 

t 'upper 

4 33 A 

Sample 1\’ 

1.13 onis 

CopyjcT 

4 49 A 

Sample V 

4- 55 cinH 

1 'oppei 

■1.32 A 

Sample VI 

4 55 ems 

Ooball 

4.44 A 

Sample VJJ 

4.13 cmH 

(lobalt 

4.74 A 


I) J S (^U K SI O N OK THK « K S H J. T 
Jt is difficult to find out a systematic correlation between the observed values 

and calculated value 4.72A. Tn samples II, IV, VI and VJl the observetl results 
are nearer to the calculated value, but in others the observed values are too lo\^ 
To account for the low values we have assumed certain distortions and deviations 
in the structure already proposed. Although we arc unable to establish our views 
from the pictures obtained by us, we predict that it is possible to obtain the cal- 
culated band spacing lower than 4.72 A itir a particular value of meridianal re- 
flection ranging between 2.82 A — 2.90 A, but other than the value of 2.8()A. 
bearing, of course, in mind the variations of meridianal reflection reported hy 
Bear (1944) Proportionally the O-N-f^ angle must be changed slightly to 
account for (1) the helix formed by a single individual chain of collagen molecule 
to retain a 9-fold screw axis and (2) the intramolecular bonds binding the three 



12 


D. M. Chackmb'urtty and B. Chakravarti 


polypeptide* ohaiii.s The other striictural features will reinani similar tfi that pro- 
posed in Paulina’s structure. 

A('KNM)WL l<3l)(IMRHTS 

The authors express tlieir gratitude to Prof. B. N. Snvasl.ava for help, en- 
couragement and guidance throughout the yirogress of the work. 
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X-RAY ANALYSIS OF FROZEN PYRIDINE AND 
ITS SOLUTION AT - 1 80"C 

S (t. HLSWAS 

Oi'Tios Djlt'Aktmen'J', Indian Assodjation i/'dh this (.'ui^ti\ ation dj- Scilinie, 
.lADAvrmt, Cat.ctt'J'ta. 

[liver tvetJ for fmbhratio}i , Svjyteinhcr :i, 10^7) 

Plato II 

ABSTRACT. IJebyc-Schorri'ii pnltorns <»f piiro pyi hIdk' bs solvition in On' 

frozim state) a( — liavo Immiti studu'd and two diffeionl diia to crystals of 

pyj-idiuo have henn observed. Analysis of (be ])at.lorns show that the first modification 
belongs to the spare group "'itli r/- 12 16 Alb. ?>=- 0 11 Al\, r— H IS A.U. and the 
second modification lielongs to tbo spnci* group with cell dimensions c- 11 00 A. Lb, 

/i — !).27 A.U.r — 0.(12 AH O^bc density of the crystals lia.s also been measured and ihe 
number of molecules in the mnt cell is found to be S in both the (nses. 

It IS pointed out that pyridine molecule is nsytnmelric in both the modifications and 
that the formation of weak lionds among the moleeulos in the solid state may be the cause 
of such aaymmetiy. The frozen mixtuie is loiuid to be amoiphous. 'These results are 
compared with those of the investigations on the Raman spectra of ciystals o| pyridine and 
of frozon mixture, s of |iyndine by previous uoiKers and it is concluded that lomiilex giouiis 
of molecules produced neu Raman band in the frozen tiiixtiues 

I N 'T K () I) V ("PI 0 

The Debye-HcluM ler palienis of toluene and its mixtui e, s with alcohol in the 
.solid , state at — iSfl'T/ were studied leeentiy l)V Biswas and Sirkar (1057) and it 
AYas observed that frozen t oluene belongs to the space group and that oertaiii 
Irozcii mixtures of toluene and alcohol AAhich appear to form glass are aniorjihous 
These residts, combined Avith those of the investigations on the Baman spectra oJ 
these suh.stanee.s (Kastha,195(bi), throAv .some Iiglit of the miture of intermolecnlar 
iovees present in these solid masses at - tStPC. 

It Avas further observed by Ka.stlia (105(i) that .solid pyridine at ISO C 
])roduccs iieAV iiaman Ime.s in the Ioav freipiency region and that frozen mixtures 
of pyridine with alcohol produce a new Baman band instead of a Icaa' ncAV lines 
given by pure pyridine ill the solid slate. It was nol knoAvn, however, whether 
the mixtures of pyridine with alcohol in the solid state are crystalline and the 
cry.stal structure of pyridine Avas also not kiiovn. The present investigation Avas 
undertaken to study the JJebye-Scherrer patterns of frozen pyridine and ol its 
.solutions in alcohol at -- 180°C in order to correlate the results Avith those ob.serv- 
ed 111 the iiwestigations on the Banian spectra of these sul)stanee,s. Jf Avas also 
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mUMulfd to tiiid (hu spiic-o ^ioiij) ol the ciyutals of pure pyridiiir nud to deter- 
Mijrif^ the syninictry of tlir molecule in the cryBtnl, 

K X P E R 1 M E N T A L 

Pyiidme uHcd in the, investigation was of ehenncally pure ijuality. Debyi^- 
Sehener patterns of pyridine and ol 50*’/, solution of pyridine in dehydraied 
etliyJ alcohol in the frozen state at - ISO 'd n ere photographed using a low-tein- 
pei-atuie (sanieia of special design The liquid was sealed in thin-walled glass tube 
which was fixed veitically along the axis ol a (‘ylindncal camera and was rotatorl 
slowly during the (‘xposure by an electric motor and a gear system A narroAV 
stream of liquid oxygen Ai'as falling continuously through a funnel on the tube 
containing the liquid from a IVwar vessel of s^iccial design fitted on the lid of 
the cylindrical camera which was cv'^acuated continuously with a pump With 
this arrangement well-defined Debye-Schetrei rings were produced by frozen 
pyridine, but a halo due to liquid oxygen w'as superposed on the pattern. The 
radius ol the camera was measured by fihotographing the Dcbye-Scheri er pattern 
due to rocK salt 

A Seifert X-ray tube running at H2 K.V and 2h niA was used to photograph 
the 7')cbye-Scherrcr jiat terns The X-ray tube was provided witli a copjiei 
target and a niekel filter was used (o eut off the K/f ladiatioii An exjiosiire of 
2i hours W'as sufficient to lecoid each pattern w'lth moderate intensity. Several 
photogra])hs were taken in each ease to contirm the genuineness of the results 
If was observed, however, that in some of these photographs the pattern W'as 
similar to that due lo a libre, while in the other photographs nnifoim rings w'eit' 
obtained So both these yiaf terns w'ere reeorded earefnlly to find out whe'fhei 
they indicated different struelnres 

K E S U L T S AND D T S C U S S I () N 

The two types of jiatterii due to irozen pyi'idine af ISO (• are roprodneod 
ill tigiires I and 2, Platen TT. The values of sm-fy, calculated from these J)ebyc- 
Seherrer photograyihs of frozen pyridine at — ISO'^C, are given in Tables J and 
T1 respectively These values indicate that the struelurc is not the same in the 
tw'o eases. By applying Lipson’s method (Lipson, 1049) to the values of sm^f? 
the crystal system Avas found to be ortho-rhombic in both the eases The values 
of /\“/4u‘^. and A^/4c‘^ deduced fiom the values of sm '^0 bv Lipsons’ method 

are giA’^eii beloAV ■ 

(a) Modification I (figure 1) A~l4a- — 00401. /l‘‘^/4?/“ 00710 

^2/4c2 ^ .00825. 

Prom Ihese we i;cf 


a ^ 12.10 A.U, f/ — 9 14 A.U o ^ S.4K A. LI. 



X-Ray Analysis of Frozen Pyridine 
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I'o uaiculate the number of muieuuleH per unit cell, the density of pyridine 
at waH lequiredj but it was pot found in the existing JiteVatuve So the 

density of frozen pyridine at IStf (' was measured in tlie, same way as m tlie 
case of toluene (Biswas and Sirkar, 1957) and it was lonml to be I 1114 'Hie 
number of molecules pel* unit cell ealoulated with tins value of the densitv is ap- 
proximately S 

'riie values of sin ‘^ 0 , calculated w ith those of A-/4u“, A“/4/i“ and A-/4r“ mentioned 
above, the spacings and indices of the eorreapondiiig planes are. also included 


TABLK 1 


vSin^ e 

)hspr’vt'd) 

Sinifl 

{(•aloulatcul) 

Dittmoiu’c 

Spacinps 

111 A 

Liidicos aiul 

F ntensitiPN 

oKjno 

0160-1 

.00046 

.7 '10 

200 (ill) 

.n2K2() 

02H40 

00014 

4 . .7K 

020 (in) 

(I32H7 

0330(1 

00013 

4 . 2(7 

002 (vh) 

0373,') 

0370 1 

0003 1 

3 OS 

102 (w) 

nt2ttt 

,04310 

000(7.7 

3 73 

310 (vw) 

048ri7 

04004 

.00047 

3.40 

202 (.s) 

0.73 1 0 

07260 

000.70 

3 34 

221 (h) 

070H0 

07126 

00037 

2 S') 

4 10 (h) 

07030 

070rd 

.00012 

2 73 

111 (,s) 

.00670 

00716 

.00600 

00046 

00020 

2 47 

402 (vw)”^ 
032 

1 1330 

. 1 1 3(i0 

00030 

2 2') 

040 (av) 

13220 

13200 

00020 

2 12 

064 (vv) 

14040 

1 4060 

00020 

1 00 

340 (m) 

. 16230 

. 1626-1 

.00034 

1 01 

242 (vw) 

176H0 

. 1764-1 

. 00036 

1 . S3 

224 (w) 

1 0630 

. l!M>i6 

OOOJ4 

1.71 

0)4 (vM ) 


*hr( 
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TABLE TT 


Sin-0 

Sm-<1 

(ciilculiited) 

Jlitteir'iicfs 

►Sixu'ingK 

III A. 11 

lailiees and 
ItiionRilies 

.()27sri 

027(j0 

0002.7 

1 01 

020 (.4) 


02020 

00040 

4 47 

002 (vh) 


o:i3so 

00004 

4 10 

211 (s) 

.(UKKI 

.04120 

00020 

3. HO 

1 1 2 (v\v) 

(lisrw 

04HS0 

00023 

3 40 

202 (s) 

.ori-i2:i 

07470 

00027 

3 31 

221 (ill) 


00040 

00007 

2 02 

031 (s) 

07877 

07K40 

00037 

2 74 

100 (h) 

0!)(jr»o 

00020 

. 00030 

2 4N 

j:i2 (ill) 

1 1070 

1 1010 

.00030 

2 32 

040 (tn) 

. laooo 

,13000 

00000 

2. 13 

240 (w ) 

13010 

1 3040 

00030 

2 00 

204 (vw) 

14420 

14440 

.00020 

2 03 

024 (m) 

14040 

14030 

.00010 

1 00 

124 (in) 

ini 10 

1.7100 

.00010 

1 US 

413 (w)^ 

1.70:10 

. 1 .7020 

.00010 

1 03 

342 (\v) 

lOSIO 

107 HO 

.00030 

1 HS 

314 (\wv) 

17040 

17040 

. 00000 

1 83 

000 (in) 

10400 

10430 

.00030 

1 77 

11.7 (m) 


in TabJi) 1. Tlir intcu.sjlieK are indinatiMl vouglily by the letters “s, in, w” ete in 
parentheses It ran he seen lioin Table J that thcie is no rcstnetion tor the ot- 
eiu renee ol‘ reflect ion from the planes. The rinj^ due to (4(H)) is masked by the 
licjuifl oxyj^en halo The n anl of restriction leads to the conclusion that the space 
^lou]) Qf} and as the nnmbei ol‘ molecules ni the unit cicll is eight., the molecule 
has no symmetry m the try/.en state at - ISO'^Ct So, there is neither a plane ol 
symmetry nor a two-fold axis oi symmetry in the molecmle m this modification 
of the crystal This indicates that probably there is unusual bond-founation 
among the molecules m the solid state. This also supports the view put forward 
by Kaslha (ll)5()) lhal groujis of iiyriiline molecules formed in the solid state 
produce new Raman lines in the low -iietpieney region. 



ISWAS 


hidian Journ.il ol Physics, Vol. XXXIl, No i. 

PLATE II 



X-i,i\ photoi^raphs 


Ki)r. I P\ritlin< (imiililit.*tioii I) at -iMoC 
Fijr <2 „ ( niodiliration TT ) „ „ 

Tijr, r,o% mixture <U — iMo'C. 

I'lg 1 '■, 0 % .. al-^o'C 

J’lfr Tj Pine p\ridine ni 110 C 
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X.^Ray Analysis of JFrozen Pyridine 

(b) Modification II. 

In this case the values of A^/46“ and A^/4c“, which explain the observed 

values of sin^^? given in Table IT satisfactorily, are .0049, .00G90 and .00735 
r-espect-ively. Those give the follow'ing cell dimensions- 

a = 11.00 A.U., b = 9.27 A.TT , c 9.02 A.U, 

Jf the density is taken as 1.134 in this ease also ihe number of molecules per unit 
cell comes out as 7.94. This shows that the number of moloeulos per unit cell 
i.s 8 ill both the modifications and the differeiiccs between this value and those 
(;alculated in the tw-o cases may be duo tti some uncertainty m the value of the 
density. 

Table II shows that pianos (221), (124) and (115) produce Dcbyc-Scherrcr 
rings in this i-ase. These rings could not be assigiuMl alternative indices. iSo 
there seems to be no restriction in this ease also except that (oH) is halved if 
(/"-j-/) IS odd, (/io/) is halved if (/?. |-I) is odd and (/tA,’o) is halved if (//.-|- A-) is odd. 
These restrictions and the number of molecules per unit cell indicate that the 
space group is and the moleculo.s are all asymmetric in tliis ease also. It 
axipears that rotatitin through a small angle of the molecules about the ft-axis is 
rospojisbile for producing the second moditicarion. 

ri. Structure of frozen ml/utions of pyridine. 

The patterns due to a 50% solulion of pyridme in ethyl alcohol both in the 
solid state at — 18(rC and at the room temjierature and that due to pure pyridine 
in the liquid state are reproduced in figures 3, 4 and 5 (Plate II) respectively. 
Pure pyridme in the liquid state jiroducos a broad halo giving a mean spacing 
of 4.05 A.U. The mixture in the liquid state produces a similar halo correspond- 
ing to a spacing of 4.43 A.U The frozen solution shows a single halo inside 
another halo due to litpiid oxygen and the spacing is 4.17 A.U. 

11- was rejiortcd earlier (Bisw'as and yirkar, 1957) that frozen ethyl alcohol 
produces ring corresponding to a .sj)acing of 3 78 A.U. Hence the spacing observed 
in the case of mixture of j)yjidine in ethyl alcohol is just Hie Jiican of the spaciiigs 
due to two pure liquids. This show's that the mixtiiie is a homogeneous one. 
Further, the sjiacings observed in the frozen mixture of jiyridine in chtyl alcohol 
is much larger than that in the frozen in cybotactic groups in solid ethyl alcohol 
This show’^s that in this mixture there arc certain frozen -m cybotactic grouxi.s fornu^fl 
))y interpenetrating pyridine and ethyl alcohol molecules. Evidently the new' 
Raman band at 95 cm*^ observed by Kastha (1950) in the Raman sxiectruin of 
such a frozen mixture is produced by frozen-in groups of molecules in w'hicdi both 
pyridine and alcohol molecules are present. Since the whole structure is amor- 
phous, the intermolecular vibration, wdiich gives rise to this band, must be confin 
od to very small groups of molecules, each group containing both types of mole- 
3 
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oulos. The value of t ho Irequoiiey-shift iiidicaieH that t lie. weak bond which 
hoJdH the two typos of inoleoulos togetlicr in these Hinaller groups must be many 
times stronger than the Van dor Waals forces expooled U) bo present m the lat- 
tice. Hence, all these results indicate that forjiiation ol some weaic bonds 
between pyriduie and ethyl ah'ohol nK)lcciiJes takes place m the Irozeii mixture 
and very small groups oriented in the same wav in small portion throughout the 
volume form fro/en-in eybotucdic grou])s in the amorphous mass 

A tj K N 0 W h K i) G E M E N 'Y 

The \\oik has been earned out undtu a stheme linanced bv the (niiiied ol 
Scimitidc and Industrial llcsj'arch and the author is mdebtefl in the Council ioi 
the linancial ludp The anthoi is also mdebled to Ihadessor H i). Sirkar, D.Sc . 
F.N.I , (or his kind iniiaest and guidance during tin* progiess •>! the work 
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A STUDY ON THE COSMIC RAY NUCLEAR 
INTERACTIONS IN LEAD AT 9000 ft. 

K. N. MATHUK ani. i\ S. GILL 

(UtlMAT^G ItliSEAKC'H OjiaERVATOltY, GrLMAIHl ( K AHllMlll) 

{Hecdvcd July 15, 1957) 

ABSTRACT Nucloui' rlmnitopration lulos in loud jiliitoH of difforonl MiicknoHisus have 
boon atudiocl uudor no ubsoi'bor and undoi 280 f^ins./rtn- oi loud iilifioibora Tlio tranaition 
j)liGnotiionu ia oxhibitod by boili iho iiiifiltou'd and fillojotl N-iadiation. A cotnpuraiivo 
atiidy, howovor, lovoula a ohungo in Ibo ohuiactoriHticu ol the N-mdiatioii whon filtered 
I.hroiifth the absorber. Lliililtored N-radiution shows a broad nuiximuin around 25 guwi.jcm- 
of IM), bVn filtoi’inl N-rndiution, bowe\ei. them appoais to be an npwaid shill, in tho position 
ol I, he niaxnniiin 'J'he iiiteriieliou moan free path of the niililtered N-radiution ih obtained 
etjual to 200 gULs./om- of lead. Filtered M-iadiation, iiowevoi, heoins to have an mteraelioii 
moan Irco path groutar tliau 250 gni.s./eiu- ol loath 'Pho absoiption mean free ]jath ol the 
N-radia(ioii is obtainod as 340 pms /cm- ol load, 

r N T K 0 D IT C T 1 O K 

A weak tiajisitjoii effect in load of the star- producing laciiation has been 
described by various workers Using neiilron counter pile detecting systems 
.Simjison (1058) aiul Treiuuin and Foiigor (11)52) have reiioited a similar elieet. 
'riiough the ti ansilion maxima for the stai -])rodiuing and the neutron -producing 
radiations have been oiitained loi almost tlie same thicknesses ol lead jilates, the 
magiiitude ol the clleid for the stais has been observed to be eonsidcrably smaller 
iliau that for the neutrons The interi»rctatioii of the phenomena becomes 
(lilliciilt due to ttie fact that the rop(. (ed thiiknesseM of lead plates, whieli 
intervene in the said effeet. are in the range IU-20 gms./cnr and aic, tlieieforc. 
smaller by an ordei of magnitude from the eharacteri.slic interaetion length of 
Ihc N-radiatioii. The present investigation was undertaken to find out whether 

the N -radiation undergoes any cJiange in its characteristics Avlioii liltered thiough 

large absoriiei. T\w. jirescnt experiment uas cairied out to measme the neutron 
production rales by the N-radiation iiidiltered and tilteied through 2S() gms./enV-' 
of lead as a function of ihiekness of the producer plates. 

EXPERIMENTAL ARRANGEMENT 
The experimental set up for the study of N-radiation with and witliout 
niter has boon sketched in figure 1 (a) &(b) The neutron detecting pile consisted 
(if a pair of BF, proportional counters embedded in a block of paraffin of dimen- 
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Boron trifluorido counters Used in these investigations had the following 
spocihcations (Mathurh, 1956) 

overall length 24* 

outer diameter 1.75" 

anode wire diameter 0.003" 

gas filling BPj,(natui‘al boron) at 45 cms. of Hg 4- argon 

at 6 ems of Hg. pressure. 

The two coLintors were connected in paralleJ and ilion coupled to a cathode- 
follower whicli, in turji, was coupled to a Jordan -Bell type of a wide-hand ampli- 
fier (Model 204 C of the Atomics Tnstruincnts Oo Ltd.).Tho discriminator output 
of the amplifier was fed to a fast scaling unit (Model 162 of Nuclear Instruments 
and Chemicals Corporation Ltd.) the output from which was iiscid to drive a 
mechanical legister. Chech on the consistent operation of the pile was earried 
out by frecjnently drawing the plateau and bias curves as also measuring the I’ates 
with and without cadmium thimble over the counters. 

OBSERVATIONS 

Counting rates wore obtained for different thicknesses of the producer 
plates over the detecting pile, first in the increasing order followed by a decreasing 
oue. The obaervalions were repeated several times such that the periodic varia- 
tions of cosmic rays were smoothed out’ The difference in counting rates with the 
jjroducer plate in position anil without it had been taken to be proportional to 
the nuclear disiiitegi’ations in the iiroducer plates. 

The correction teinis due to (1) the change in geometry of the detecting unit 
with respect to the producer plates— displacement factor (2) scattering of the 
neutrons jnoduced in the upper layers of tlie producer plates by its low^er laycrs- 
scattering factor, were obtained from Simpson’s (1953) displacemenl cui've and 
Geiger’s (1956) results respectively. 

ANALYSIS OF THE DATA 

The corrected production rates have been plotted as a function of thickness of 
the [rroducer plates for both unifiltered and filtered N-radiation on a semi- 
logarithmic graph in figure 2. The data are shown in curves T and IT of figure 2. 
The initial parts of these curves may be represented by an equation of the form 

= A ~ exp ( — xlL)} 

wdiere is the production rate for the plate of thickness x, A = N for x — O; 
B w^ould then be a constant to be given by the product of the intensity of N-radia- 
tion and the efficiency of the detecting system, including the geometry of the plates 
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^dlh respect to the detecting unit, L is the iuteraction mciiu free path of N-radia- 
tion in lead. Using chi-Hcpiaro test, the best values of B and L were obtained for 
u good fit of the ealcnlated values with curve T in its initial part L is thus obtained 
e(]nal to 200 gms./cin- of lead Foi eoinparisou, the values of the inltM-aetion mean 
free path of A^-radiation obtained b^' other woikeis has been gi\'en in 'J'able I 
V similar method ap]jiied b) eaii ve FI leads (o a value of h i;i’eatei' tlian 2d0 gins./ 
( 111 “ of lead. 


TABLE 1 


(5o'3Ttiic' lav 
phtiiioinomi 


Ini m \ p ol‘ 
the N-iadiniion 


I'oucitruiJiia si iDWPi'h 


'TT-UKISOllS 

Sim s 

rmliiiiioii 
(/) unfilicii’Hd 
(n) tilidrocl ilifouitli 
iSl) gms./fiii ol 


100 1^ I.) gms 'rm-! ol TMi 
lOa 1 IS gms /cm ol 
Si 4. 'tl ginM./<‘in- oiiiiilsion 
102 27 gins. /cm- ciniiiHion 


Cocfoni, (J, (I910 u, b) 
Si l ie. K (HloO) 
Canniiai c/ ttl (lOrilM 


-Mill gins. /cm- of JM) PiesenL v\oiK 

groHlei thmi ifiO gins, cm- L’reseiii woilc 


From curves I and II, their differential eiirvos Til and JV were obtained. 
Evidently, neutron produetion jier unil Ihiekness of the producer plates is ver> 
iniieli dependent upon (he amount ol lead the hF-i arbation has immediately jiaased 
thioiigh Chir\ (' 111 shov\.s a transition effect with a broad maximum around 
25 gnis,/t 111 - ol Ic.id I’be curve l\\ however coutinnes to shov a rising trend 
II]) lo !J() gins /(Mn“ This curve has a slojie gieater than that of the previous one 
d’raiisition < uivc ill above 2o gins /c m“ can be, usc'd for an e.stmmtion of the 
absor])tiun mean free path of N-radiatiou 1’his estimation leads to a value of the 
rilisorption mean free path ecjual lo ‘IITO 3U gins. /cm- of lead. The absorjition 
mean iiee path of N-iadiation can also be obtained by eom])atmg neutron produc- 
tion rates by the filtered a.iid the uufilteied N-radiation L'sing the ecjuation 

L iVj 

L “ — N? 

the mniai paits of the cuives Til and FV yield a value of absor])tion mean free 
liath ecpuil to :J40 gms./eni-. of lead. 

0 I s e u s s J o K 

A few interesting points follow immediately from the above analysis. Curves 
III and TV establish the existence of the traiisitiun effect for the unliltered as 
also foi the filtered N-radiation 'Hie transition curve TTT has a broad maximuiii 
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at 25 gms./cm®* aa compared to 15 gms./cm* obtained by Simpson (loc. cit) 
and also by Troimaii and Fongor (loc. oil). 

In tlic ])i‘eHe.nt work the difference of the counting rates with and Mothout 
producer plates in position has been taken to be proportional to mielear dis- 
intcgravions in the plates. This implicitly assiijnes that the background counting 
rate, represented by the rate obtained without the plate in position, is not disturbed 
wheii the plate of any thickness is platied over the detecting unit. The background 
counting latc consists of two parts only : (i) Cosmic ray fast neutrons; (ii) dis- 
integration neutrons from llio moderating medium. The effect of the plates on 
the foi-nic-r is a small reduction for the range of thicknesses of plates that inter- 
vene in the transition effect. The latter might change because of (a) absorption 
of N-radiatioii in producer plates, (b) back scattering of the disintegration nou- 
t^rons pi'ofluced m the moderator, so as to get detected by the coiintors; (c) a pos- 
sihle. increase in the low-energy stai prod in lion in paralbn because of the release 
of energetic; secondaries Ironi the nuclear disintegrations in the plates; (d) the 
iut/Hi actions in tbo producer plates of the energetic back-dircclod secondaiics of 
the niicleai disintegrations in parallin. Contributions from processes (a) and (h) 
are known to be quite small for t<hieknesscs of lead plates involved and being 
opposite in sign, ihoy are likely to minimise the total effect duo to thoin How- 
ever, processes (o) and (d) might make a signifieant change in the backgiouiid 
counting rate. Barton ei. al (1951) have shown that it is the isotropic class of the 
aocjondarios which is important in accounting for any increase in the star frecpieiicies 
under absorbers. These processes might also be able to a(;conni for a,n apparent 
production rate for no iiroducser jilates. • 

Transition curve IV for the filten^d N-radiation shows comparatively a 
steejier lisc tlniii that old.ainerl for the imliltered one. This cuirve also exhibits 
a rising trend up to 30 giiis./cm^ of lead. Kvidently the N-rarliation under the 
absorber has slightly diffeiont characteristics than that with no absorber. This 
change in the behaviour of N-radiation, aftei iiassing through a large absorber, 
can (;ome about because of either (i) a (;haiige in the average energy ol the N- 
radiatioii, (ii) a change in the composition ol the N-radiatioii, or (iii) both. The 
present data, however, make it difficult to discriminate between these possibili- 
ties. 

A conqiarisoii of the production I’atcs in produt;er plates of same thicknesses 
by the filtered and unfiltered N-radiation brings out another intcre.sting point. 
This ratio varies from ^ I ti to — ' 2.2 for plate thicknesses from 30 gins. / chi'® to 
5 gms./cm-*, whereas the ratios for tliinuer plates lead to values of abs. m./.p. 
comparable to the ones obtained by other workers and approximately equal to 
the geometrical value, the ratios for thicker plates lead to progressively higher 
values. It is quite possible that the mode of production of most of the neutrons 
in thicker plates by the filtered N-radiation is somevhat different from that by 
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tlie unfiltererl N-railiaiiwa. Tlie ]n“t)ba})ilit>' Tor inaro ihau oiit3 intel^a^;ilon iii Uie 
plates inereascs w ith thickness ami as such lor this reason alone the values of tlie 
ratio for thhincr plates only iieisl be taken into consideration foi the calculation 
of abs. w./.p. 
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IMPROVED TRANSMISSION OF IONS WITH 
INHOMOGENEOUS MAGNETIC FIELDS 

S H. K.AHMOHAPA'J'UO 

iNSTlTDTTi: OB’ NlU’LKMt J’jlYSTCS, dAl.rUTT \ . 

{Received J-uh/ 10, U)r>7) 

ABSTRACT. ] lammoicu’H foi syTiimotvitiul and asyiiOniiti’ioal firni oiddr 

loouHaiiifj; I'onicHil h)ui|)(m1 irihoinogpiioouH iniigiiotii* iinalysora witli finJd varymt? hh r~” wIkuo 
0 5 1 am fonsidoiinl f<M’ MtiliHiiifi; t.lioii high loflolvmg [POvv'ta with inujrovaliK'ntH in 

traiisinihHinn ol' luiia Sonin mjimaoiitativo nnsos lor sunli a 1 SO' -magnoiic unalysm am 
shown witli a diHfUHHion for iiHiiig Hiu*h niagnols with diffomnt Hortor anglns in inasw spoctroH- 
i.opy, wliirli will lj(> mom atlvaiitagoous than tho rojlvontionaJ flat tyiin honiognimous mag- 
notio iinalyHors, whoii solid aiigln and resolving power of the instiunientB am simnltaneiniHly 
considm’od 

Ap]jlioat.ioii ()1‘ the iiihoiuo^ciieous luagiiclir analyHeis, liaviiig licld .slia])n 

1/ ... (1) 

(U'lTvod by Koisli and Sorboi (IU41), liavo boon froqiioiitly usod lor botatrou and 
syiiohrotroiiH and have now oxtondod io tlie bold ol //-ray and nniss spoclroinoti'v. 
Siogbalni ami Svartbolni (1})4()) have iitilmod this ty])o of iiilioniogonoous inagiiots 
lor Iavo dh'cc'tional bicnssing of tho /y-iiarlic-los at an angle \/57r with n — 0.5. 
Higlier order foou.ssing loi inijjroved roaolution has liocn eonsidored by iSlniiJ 
and Dennison (1047), Verslor (1950), Sloker et al. (1954), Loo-Whiting and Taylor 
(J957), dudd and Blndinan (1957) and others with two direolioiial foeiissing 
iinignotio ainilysors. Snob first and second ordin* foenssmg inagiiotic analysers 
are now used in /j'-ray spotdronietry Svarthohn (1951) proposed conical magnets 
for an average tvo direetional focussing of the charged particles and a /i-vny spec- 
trometer by Arlnnan and Hvarthobii ( 1955) has been oonstructed on Ibis suggestion 

'Pwo direetional focussing of the charged particles with an iiihoniogeneous 
magnet having an angle lias been considered liy Judd (1950), Rosenblnm 

(1950) and otheis. The possibility ol using sucli an analysei witJi a sliaped polo 
boniidary was discussed by the author (Karmohapatro, J955) in connection with 
the design of a mass s])ectromctcr. Sleriiheimer (1952) has discussed the focuss- 
ing of (barged particles with sucli iiihomogcueous magnets with projior consider- 
ation lo the focussing effect caused by the fruigiug field of a scwioi magnet, lii 
case of a magnetic analyser, in Avhudi the souiee and the detecdor are within the 
magiiclK! lield, the focussing or deioenssiug (ifhwt due to fringing held does not 
arise. But for a sector magnet, even wutli a liomogciu^oiis Hat field, axial Ibcuss- 
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in;*; i,s fiossilile in ilic inliniun^onoonh frjiigiiig field lefjioii an shown by Oninac 
(lO.'il) Mild ("loss ( h)51). 

iStei'idudnior (1052) derived a {j;eiUM-alised cxpieasion detcnnininf*; the para- 
inct(MS of a first order ioeussinp; inlionn^^cneons lua^nelu* analysers with ])roper 
(lonsideraiion to the fringe-field loeussing. Tiiongh the aim of this derivation 
was mainly (or leduemg the, distanee of source and detector from the jrole f)oundai\Y 
ol a two direritional fringcr-fiehl loeu.s.sjng magnetic aiialysci’ by rnti'odiicing a 
slight inhomogeneity in tire magnef with a field index h 0.5. the scojre of the 
vioi'Js., being a generalised treatment, is extensive and is appheahie, to such m- 
lioraogeiieons magnetic analyser.s with any field index < 1. 

If vve consider the ease trf a symnudrical sector shaped iidiomogeiieous mag- 
rietii analyser liavmg held iiiflex a. sector angle 0. and c being the angle made 
fry the central beam with the normal al the entiain-e and exit of the pole Ironn- 
(lary, the radial focussing of the charged jrarticles is possible at a distaiiee 

j _ (1 n)' cot(l d t.anc_|_(l — a)j eoscc (1 — a,)i( 

(1 — ??) — tail'd —2(1 — 90'‘‘^d(l 7?)i^iiiiic 


ivhere / is also the distance of the source in unit of the equilibrium orbit' fo, which 
is hereafter used in all cases iiidieating any length, l^his forimila is directly 
derived from Slernheimer’s expression (1052) 'riiis lornnihi reduces to 

^ e,ot (f) -j- tan c -f oosee (j) 

I - tan- e 2 eot (f) tan f ■■■(*) 


when 

and 

when 


a 0 

/ — eot <p I eosee (j) 

ih 0 , 


( 4 ) 


The aliovc formulae are due to Herz.og (1049) and appheahie to homogeneous 
1lal type inagnciie analysers extensively ii.sed in mass spectroscopy. 


For c. = 0, 


'll. / 0 exp. (3) 1 educes to 


1 — , [eot (1 -j' eosee (I - - 71)^01 


( 5 ) 


This is tlie case derived for an asyninietric inhomogeneous magnet with field index 
'II as treated by Judd (1950) and Koscnhlum (1950) in eoimection with the two 
directional focussing of charged particles with n — 0.5 

The axial focussing of the charged jiarticles also occurs at a distance 

J, _ n'- cot na0 — tan fc' l eosee n'- 0 
— taii^ ed 2ri4 eot 0 tan c 


... (6) 
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((!)“ ii syimnutnortl inagiietjr analyscM'. ThiN exprosHioji rednceH to 

j, 2 — ^ tan c 

2 tail c—ift 


(V) 


for' ti — () and it is nqiiivalent 1o the exjiveHSioiis derived by Cumae (J951) and 
(_hoss (J951) for (oeiiHsiiig of eliarged particles with the fringing field of a homo- 
geneous seilor magnei. 


If. should be menfionciL here that a ptisilivc real value of // cannot be Jonnd 
out for Ihe axial foenssiug alone with an iiihoinogeneons syininof. rival magnetic 
analyser. 


It IS interesting to note that the dispersion of the charged particles with 


mhoiuogcneous magnetic analysers of held index n is 


tunes greater than the 

I —71 


honiogencous ones Tliis advantageous projierty has been utilised lor achieving 
double disficrsion along with higher ti'ansinission with a two dhect.jonal focussing 
magnetic analyser Jiaving n =- 0.5 as described by Siegbahn and Svartholm 
(1946). 


It is c.vidont that for 7i - - 0 S or « - 0.9, the dispiu'sion will rcsjicctively Tre 
5 or 10 tunes greater than the homogeneous magnetic fields The Russian authors 
Alseevesky and Rrndkovsky (1955) have constructed mass spectrometers with field 
index n --- OS and 0.9. Dubroniv and Baiabina (1955) have constTinded one 
wOiich has a resolving ])OW'er of '-^10'’ and can measure atomic masses to an accu- 
racy of ~10”. Since velocity focussing electrostatic analysers are abserft and 
electrometer detection can he used instead of photographic ])lates, the instru- 
ment becomes simpler 

It should be incntioncd that smee w > 0.5, axial focussing is not att-ained. 
The resolving pow^cr R of a mass spoetromcier is oxjircssed as 



max 


whore M is ihe average mass of the two masses and \M is their difference, 1) is 
the dispersion of the magnetic analyser and A is the wddth of the heam c.onsistiug 
of aheratioii due to the analysers, velocity dispersion of ions, etc 

The solid angle of such an inhomogeneons magnetic analyser is 


A , I -I- I" 1 (-0 

L ' ?7(i“ VoJ 


where Ar^^■^ is maximum available cross-section area for the ion path. 
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Wo now ooiiHicier oxproHsion (5) foi radial tooiissiiig iif ions iiilh a niafTjnolic 
anaJysor llavin^^ n > O.ri Tlie ^raplis (figure 1) deteniiinmg Iho values of / wil-h 



Fi^. 1 llolut/ionH l) 0 liw(' 0 ii the ol)j«c( diHianco und luil<l irul(» - n Ini an inlioTU 0 nc.'nr«mh 
Kyminotrjcal rnufinotic aniilyw’iv willi (lilfonMit Hoolor unfilc’H 

different seetor angle ^ and n — O.S oi 0 11 show that / iiu reaKcs with higher values 
of 7? Kor the same a-valuo / deereasos for highei values ol 0 

The resolving poM er of such a inagnetie analysoi can on princi])K‘ he increased 
withonl reducing intensity hv reducing the ahorration /I, whicli consists of the 
terms as follou'S ■ 

= a -)- I) -|- -f velocitv <lis]iersi()n etc. (Id) 

where <f. and b are entrance and exit, slit widths and rua- is tlie second order aher- 
ration duo to the magnetic analyser, a. being the half divergence angle The term 
can be reduced to the third order by shaping the pole lioumlanes of sector 
homogeneous magnet as suggested by Kerwin (1949) and Hinteuberger (1949). 
For a given resolving power, reduced aberration gives an advantage ol increasing 
(I and h foi attaining a bettei transmissiou. For inhomogeneous symmetrical 
magnetic analysers having n — d.S or 0.9 such second order focussing with a 
straight pole boniidary is also possible The condition for such a focussing uilh 
tlie ions, not incident, normally to sector boundary, is exjuessed as 

* ^ 2 cot (I ~n y^(l>l. 

.‘1 tan c 3(1 — 97/)^ 


tail f, — — ^(1 — tan (1 - n)'^ 0/2 


( 12 ) 
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Willi tins oxi)rc','«‘<i()ii diffcrdiii jiaraiiK'ti'rM ol' an analyser for w - - O.R and 0.0 
have lieen calcnlatef) and j^iven in Talile 1. 

'Pile labUi shows also n vednelion in the value ol' / (Miinpaied to lignrc 1 in 
which p(a‘])cndi(‘nlar incidence ol ions is considered, ''I’lnis ex^iressions (0) and 
(10) show iliat this 1 vj)c oi magnet vill give ns a tAvo-fold ailvantage (or attaining 
liiglici transmission 

This is to a certain extent off .set by tlie lov' dispersion attained Avith these 
tyiie o( magnets m comparison to those vith perpendicular ineidence of ions. 

Moreover, this nndhod will not bo vciy lielpful in practiie, since the axial 
defocnssing el'lect due to the fringing field, niav destroy the improved focussing 
effccl. This difficully is also encoiintored in case of the honiogenons magnets 
However, Kerwin (1050) has cfm.stTiicted snc.h a homogeneous sector magnet and 
attained proper second order focussing of ions. In case of the inhomogeneous 
magnets, there is also the possibility of utilizing the parameters of Table 1 to 
const met. a suitable magnet for second ordei focussing of ions with high 
dia])C]'siou. 


TABLE T 


n 

0 

f 

1 

u h 

:tY/j 


2 27 1 

0 ‘1 

V27r 


3 62.3 

(1 5) 

TT 


3 02 

(1 g 

TThi 

2" 17' 

8.426 

0 H 

WirU 

-2r2.'>' 

82 

0 H 


10"43' 

1 7,'i3 

0 8 

TT 

-8'T»4' 

J 163 

0 S 

TT/a 


4 026 


Another way to improve transmission of ions with these high disiiersion mag- 
nets lies in reducing the value ol I without axial defocnssing by utilising the 
fomissmg effect due to fringing field of the inhomogeneons sector magnet. TTnfor- 
tunately combining exjiressioiis (2) and (6), suitable parameters for a symmetrical 
magnetic analyser Avith radial and axial focussing cannot easily be found out. It 
is AvortliAvhile to consider the cases of asymmetric sector magnetie analysers having 
conical shape and the same first order focussing effect as described by ►Sternhoimer 
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(1952). The scheiiiiitic diagram of Hiic*h ail iH show 11 ill tifxure 2 and it 

satisfies the following eonditions for a first order raflial Idciissinif. 



t’jji;. 2 (fj) Kinl V11'\V of UlO i)oIo fare oi di(‘ 
roriicul iruigiK'li slunvjiifjf Ihr pamniofri's wlnrli 
ilotoiimiio the firld iiidox //. 



(/>) iSjcIo \'ni\\ oi llir niugrx'tic; iinLilyMoi 
hJio\\ iiig iho ]>»i,iinr)('lrj's («)i ioriiHsm^f ol 

UUlh 


H liere 


2 tan fc.j 


(I - 

eol 1(1 — a)- 0 I 


a' 

eot| aVH-//l 


(i;i) 


.vnd 


i‘()ti .r — 


I tan c, 


cot // 


//Ml 

1 Z, t an < , 


eot \n-^ I .r| 
a- f tan eot |a'^-f .r| 


(U) 


lleri! /, and /o arc distaiiee of the source and doteetoi' from tlie entrance and exit 
pole honndaiJes lespccl ively, anil are the angles made hy the eentrai beam 
ot ions with the normals to the enlranee anil exit pole houndaries lespeetively, 
anti r/j, a are same as liefore. 

A few paiameters for such high disjiersion asyminetne magnetie analysers 

for values of O.S aiiilO.fi are calculated and some represiMitative cases ai'C 

show'll in figures 2 and 4,. 

Under the same eonditions iniphed in the Slei nheimer’s findings, any sector 
angle can be eonsideied with 0 5 " i< _ 1 foi high dispersion as avcU as liettor 
transmission by suitable ehuiee ol t-he parameters 
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]f comijarc figure I with figures 3 and 4, it is seen that due to reduced 
/i nith sliaped j)olc laniudaiieH, transmission increases to a groat extent. As, 






6i 


:{. KnlHtions (uiU-iiiifi) luul nxil. migles (^i, ) and image dislauco L, object 

distance f,, lev foceHHing nl urns with u magnet having r/j —180’, a— 0 K, 

I'or example, witi) — 00', a ISO" aimular magnetic analyser with n = 0.9, one 
will Jiav<5 a solid angle —0 lls:5 sterad instead of 0.0249 ibi fej — 0, foi' the same 
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iivailablo or USM -section area lor the loii trajectory and for 10 times better dispersion 
than a hoinogoneoiis maf^net for hotli the casc^. 



t'lg. J. Koliitioiis among onlrmico and uxit •ingloK (ij, i_.) and iiimgo diHLanoo Zm, ohjocd 
diatamo ly J'or foouasing of ion« \villi a luaguol having 0 


It IS also possible to utilise the conclitions of second order locsiissing pj‘incix)le 
<liui to J^erwjii (1140) and Huiteiibcrgcr (1140) witli these types of magnet with 
which the resi>lution or the solid aiigh^ can be increased furtliei- by choice of suit able 
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paranieters and the l•erllJC!efl difilanec of the souree oi“ t/ho detector adds some 
advantage to it, 

J^'or nia,ss .spectroscopes, in which high iiiteiiHity ion somccs are not usually 
used except Jdr isotope .separation, improvement in transmission of ions as sug- 
gested above will be of .some importance. With .suitable parameters, a model ately 
liigli resolution inass spectromctei with le.ss complicated ion source and detection 
.system can be designed on this principle, which will be snjierior to a conven- 
tional tlai. tyjie instrument, i\hen the resolving powei and the .solid angle ari' 
simu I tcai loo usly is msi dered 


\ (' K N O W L K JJ a E M E N T 

The above ideas were developed in connection with the design-studies for 
constructing a ma.s,s .sjiectromoter for this laboratory and the author is grateful 
to Prof H. D Nag foi his guidance and constant oiiconrageincnt in this work. 
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THE EFFECT OF A UNIFORM MAGNETIC FIELD ON 
ELECTRODELESS DISCHARGE IN A TUBE AND 
MEASUREMENT OF ELECTRONIC 
MOBILITY I. AIR 

S, N. GOSWAMl 

Dbpatitmenx of PiiYSica, Hooqhlt Mohsin C’olj.ib(jk. Chinhura. 

{Heceived Jvli/ 18. 191)7.) 

ABSTRACT. Reeiulta of TiiouHui'emnnl..s of tho ])orrnnt.ogo inoroHRo in the breakdown 
poiontiul in a diacliarge tube filler] with dry mr and excited with n 50-(‘ycloH alternating 
voltage, under n uniform magnetic field and of the oleetrome mobility liave been reporti'd. 
ATeusiirementH aie made for rliffeient ])resHures and under magnetic fields inclined at different 
angles with the electric field Hesulta are diai'iisMed from the standpoint of tho theory 
proposed by Dob and (xoswami (1950). 

r N T K O D U C T 1 () N 

The ehaiifjc m the vahias of the discharge cimcni in both an ozoniscr and an 
cJcctTodoless discharge tube under tlie infliicnt e of a uniform magnetic, field has 
been observed previously by several workers, viz., Bhiday el al. (1951) and Goswami 
(1954). In tbe course of further study with olectiodelcss diseharge in a tube of 
simple geometry, it was recently leported by Deb and Goswami (1959) that in the 
range of pressures investigated, the value of the breakdown potential was always 
mcreased in the presence of a nnifroin magnetic held. Mxporimeiital values of 
the breakdown potential, both with and vithont a sii])eriinposcd magnetic field, 
were given, and a theory, based on electron ballistics, was jiresented to explain 
the increase in the value of the breakdown potential An expression for the 
elcetroiiic mobility was derived therefrom when the angle between the electric 
and magnetic tields was ^ . T'hc value, of the eleetvonic mobility at a pressure of 

I min Hg. thus calculated, agreed iii order of niagnitiide with that given earlier 
by Brosc. In this paper, measurements oi tlie breakdown potential at different 
Iiressures, with and without a superimposed magnetic field, at different inclina- 
tions with the electric field, have been made, and values of eleetronic mobility 
obtained. The measurements liave been repeated for several values of the mag- 
netic field. The values of electronic mobility and its nature of variation with 
pressure agree fairly with those of Brose (1925) and Nielsen and Bradbury 
(1936, 1937). 
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EXPK R 1 MENTA I. 

TIjo (lisclwirgo syKtoiii liRod ^as one of tlu; .siiiiplpsl, possible gooinetiy e.r/., 
a. cyliiuli ical iiil)e (fifrnre 1), An ai't'antremeiit for revolving tbe discharge tube 



about an axis perpeudicailar to its own and passing through its cuntre Avas provi\led 
in order to vary the irn'lniat ion of the magnetic field with res])(*ct to the elecWic 
field. The lube was filled Avith dry air and Avas sidijoctcd to electrodeless discharge 
— the discha.rge being excitcfl with 50 (ycles alternating voltage obtained from 
the secondary winding of a step-u]) transformer T., 1^he transformer iiruuary 
Avas fed hy the output of a variac which enablt*d one to smoothly vary llie aj)- 
jilied xiotential The })rossure AA^as reduced by means of a (-(moo-hyvac pump 
and AA^as recoi'ded w/ith a AT^acuoscope The magnelh* field was obtained irom an 
electromagnet Avith adjustahlc xiole-pieccs The wave-form of the discharge 
ourreiit Avas observed by ajijilying the xintential drop across a resistance ii* connected 
in series Avith the discharge ciicuil io the deflecting plates of a cathode-ray oscil- 
loscope. Observations wer«5 made over the range of pressure. ().f{ U.O mm Jig , 
a range of exciting potential 0.45— 4-.()fi K V(R.M.iS.), and for magjietic fields 
1575, 2000, 2475, 2050, .*1175 and 2400 gauss. 

The distance between the xiole-jueijos of the electromagnet was kept fixed 
at 4 2 cm. In making a set of observations, the discharge tube w'as first adjusted 
at a certain angle wuth the magnetic field, Avhich was set at the desired value by 
varying the current in the electromagnet The iiressurc w^as next adjusted to a 
suitable value and Avith the magnetic, field switched off the ajijilied iiotcntial Avas 
gradually increased till jDulses of dischai'gc current just appeared on the screen of 
the oscilloscope The cori’esxionding applied potential was noted. The magnetic 
field was then sAAutched on and the now value of the applied potential at AA^hich the 
current pulses appeared again Avas noted The measurements were rexieated 
for different Arabics of jiressure The discharge tube AA'as next adjusted at a dif- 
ferent angle Avith the magnetic field and in this now position similar measure- 
ineiits AA'^ere carried out. 
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4(J 



PC^/.7 A'j) ► 


I) 1 8 (III S R I O N OF U Ifl S V L 'V S 


I’ho iv, suits ()l)1,aiut‘(L are .shown in fi;i:urii.s 2- S On an exam in a lion of the 
ciiives the iollowiii^ fact.s niav he .snmnia.ri.se(l : 

|//_ \ ' 

(i) ])(T(‘eiitau;e oi’hu't y, '* '' 100 (liiniuLslie.s witli iueioase in pressure. 

(li) The jaMLenla^e eri(M‘l i.s. in general, higher for higher values ol 0, the 
angle, hi* I ween eleetrk- aiul magnetie Helds. 

(in) Kleetjoiiic mohility (leerea.se-.s nilh iiierease ol pre.s.siire 

(iv) Mlei'lronie inohility at a given ])ie.ssure is less, the higher the magnetic 

Held. 

These ohserved faets reeeive .simple explanaljoji in the ligld ol the theory 
given alieady in a jireAuoiis coniiniinieal ion (l)eh and Oo.SAvanii, 1050) vlieie^ 
and //,. ai'e .shown to he 


, HeA 

(p 

7nvc 


(1) 


/',• -- 


eos" ^ 



ft 


(2) 


and 


V' 


» = I 


(.O.S (j) 


(:J) 


X 10" eni“/A olt. see. 



Effect of Magnetic Field on Elect rudeleas Discharge 4l 

AVlicii tho Jiiiu'le betAvocm llic olectrif nui^iieUi- fields is 0 , Ei|MS (1) and (2) 
(like the fonii 


<!> - 


H sill 0 . r/\ 


and 


■i' '"/"I 


// sill H 


ein“/\ dll, see 


(^) 


(ri) 


As the, pressure is increased, A diiniiushes and it, ldllo\is IVnin Ei]U. (4), thal, 
(nr uiveii values nl’ 7/ ami 0, (fi nmII decrease 'I’his is ni a^ieiMiienl willi (i) ahuve. 
A;!,aiii Iroin (d) it follows (hat oihei things i eniaiiiinfj; (he sanii^ 0 must iiK'rease 
N\ith 0 AN Inch eK|jlaiiis (ii) The ohserved decrease in /(,, AVitli iiiere.isiii^ piessiiri' 
jas ill (ill) alinvel is also in aarecinoid, with the l.lieoi etieal r(‘lal,ioii e;iveii liv^ 
Nk'Iscii Biadlnirv (Ih3(i) Furdiei , the hiji^lier is the iiiai^iieiie lieldtlu' ^jjrea- 
(er is th(‘ proporfion oC total e.neiji;v appeal iiiji, as the lateial i oiii[uiiienl and this 
hrini>:s about, an apparent, de])ejid(*iiee of /i,. on H as noted under (iv) above 
It iiS to he noted that the true vahu' of //, is obtained only loi very small values 
of H, 
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The work described abovi* was carried out in the Institute of Itadjophysus 
find Ele( troiiiCiS. (\ilentta rinversity. The author wishes to aekuow ledp:e his 
indebtedness to Piol J ,N Blnii for his kind xx-' in the laboratory 
and to Dr. S Deb fbi ^iiidanee in the eoiir.se ol the investigation. He is also 
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X-RAY STUDY OF ALPHA-BETA TRANSFORMATION 
IN KERATIN* 

V. U. GITITA 

PlIVHJL'S DlOl’MlTMKNT, UnIVIOKHITV OF AlLAHARAL), AlLAII A llAlJ 
{Rftoeioetl November 12 , 1957 ) 

ABSTRAC r. A inotiHuro for the degioo of order iiitrodiieod in ulphu-bela Lratiufor- 
tnatiou m knrafiii fibres is defined and its determination is cavnod out in throe varieties of 
human hair It ih eoneluded that the behaviour of golden hair ih much ncarei to tlu) hlact 
than to the white. 

I N T K () J) irfJT I () X j 

The X-iay slndv of alpha-beta transformation m keratm was nuuhAhrst 
by Fleri^o^ uul Janeke (I {121) and Astburv and Street (Hk‘t2) Since then itWias 
always occupied a ])ivotal position in all attoinpts to arrive at the inoleclilai- 
structure determination of proteins (k>ntign rations tor the iiolyjieptide chains 
have been proposed by Astbury and Bell (194J), Huggins (11)43) anrl by Bragg, 
Koridrcw and Perutz; (1950) ^’he most satisfactory model has been the one pro- 
jxised by Pauling, (Virey and Branson (1951). In their model the protein cliain 
IS considered as coiled into a 3 7 residue helix of pitch 5.4 A Ik and a repeat dis- 
tance of 1.5 A.U parallel to the axis. The successive turns of the spiral are held 
together by a hydrogen bond betiieeu a (10 group and a mtroged atom and it 
crumples u]» very much like c.ertaiii ty])e oi fabrics which contain elastic threads 
Meceiitly, Bendit (1957) has reported in ease of Lincoln wool the variation of peak 
intensities of the 4.6 A.O , 5.1 AIT. and 9 H A.U rctleetions against pereentage 
extension He (iomiiided that Astbiirv’s liyiiothesis of a moleenlar tran'-foi inatioji 
based on 1 • I cori'espondcnce of the intensity variation of the first two reflec- 
tions is not tenable Pauling’s model has also been supjiortcd hy tlie reseaiches 
of Cochran and Crick (1952). However, so far no quantitative X-ray study of the 
degiee of older introdiieod with extension has been reported. 

The outstanding reflections iii the alpha [ihotograpli of hiimaii hair ai-c the 
merulioiial strong are of spacing 5.1 A.U. made np of (020) flanked on either side 
hy (120) and the eomposite equatorial reflections (001 ), (101 ), (300) and (201 ). This 
is sjiread over thi'ee A.U. ami has a mean .S})acing of 9.H A.U. The (100) refleiitioii 
heeanse of its closeness to the eentre does not lend itself to an easy evahiation and 
is, tlierefore, omitted During Hie course oi transformation from alpha to beta 
NS Inch set s in at about 30% extension, the meridional are begins to close nji. 

'“CumiiumicaUKl Hy Prof. K. Banoi’joo, D.So., J<\N. I. 
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X~Ray Study of Alpha-Beta Transforwation in Keratin 415 

Howevei , it ncviir nonipitittilv (lisa}>peai’K In addition to tliis tlioro apijoms on the* 
equator a new sjiol of 4.d A.U. and the over-all definition of the photograph also 
improves, ff we denote the intensity of the meridional and eipiatorial refleet.ions 
fiy /p respectively, the degree of order li may be defined by the relation • 

n - 'l(M) 

' r I ■ * t/l 

ihis expression has the advantage of being independent of all exjiosiiri' 
factors. 


1C X 1* 1C R. I M E N T A L 

In order to iiarry out an experimental detorinination of this degree for the 
tbree different varieties of human hair. X-ray ])hotographs of suitable intensity 
Avere taken of bundles of fibres well combed to onanro parallelism (luK^ radiation 
from a Seifert's sealed tube working at 40 K V and 20 ni A ami iiionochromatised 



by refleetion from a caloite crystal was used with specimen to liJni distance of 
T) cm. The fibres were held taut between two pin-vices, one of which w as movable 
and carried a screw gauge to measure extension . The fibres were always stretched 
m water at room temperature and super- contracted by stretching first- in steam 
and later on allowing them to recover in steam itself. Intensity measurements* 
were made by Moll’s recording type microphotometer Tn a few' cases the intensity 
ineasiirements were also checked by rotating the film. Under these conditions 
a spot w’^as uniformly spread out over an annular area and two scannings were 
given at right angles to each other. The average value of these intensities was 




7 


X-RAY STUDY OF ALPHA-BETA TRANSFORMATION 
IN KERATIN* 

V. D. UUFTA 

Physics Ui'U'aiitmbnt, Univehsity of Allahabao, Aclahabau 
{Received November 12, I Do?) 

ABSTRACT. A niousum for l.he dogroo of order introduced in alphu-beta truiistor- 
tnatioii in keratin fibres is defined and its detenninution is earned out in three variotioH of 
liuman liriir. It is cone.ludod that the behaviour of golden hair is much nearer to the bluet 
than to the wtiite. 

I NTKOJ) LTOTJ ON 

Tln^ X-iav Kliidy of alpha-bcia transformation m koratin was inacU*\fi?s(i 
by Hor/.og ‘ind Janeko (1921) and Astlmiy and Street (19H2) Since then itlhas 
always occupied a pivotal position in all attempts to arrive at flie molcciilai 
structure (letcrimnation ol proteins. Conti rations tor the jiolyjieptidc chains 
have been proposed by Astbury ami Bell (1941), Huggins (194;t) and by Bragg, 
Kemlrcw and Perutz (19«5()) The most satisfaciorv model has been the one pro- 
posed liy Pauling, Corey and Branson (1951). In their modeJ the protein chain 
IS considered as coiled into a 3 7 residue helix of pitcli 5.4 A.C. and a repeat dis- 
tance of 1.5 A.C. parallel to the axis. The successive turns of the spiral are held 
togetliev hy a hydrogen bond between a (X) group and a niti-ogeil atom and it 
einmples up very inueli like certain type ol fabrics which contain elastic threads 
Uecent ly, Beiidit (1957) has reported in case of Lincoln wool the variation of peak 
intensities of thi^ 4 C A.XT , 5 1 A C. and 9 S A U reflections against percentage 
extension. He concluded that Astburv’s hypothesis ol a inolocular tramdormation 
based on a 1 ; 1 correspondence ot the intensity variation ot the first twc) roflec- 
tions is not tenable Pauling’s model has also been Bnp])oited by the researches 
ol' Cochran and Crick (1952). However, so far no (|iiantitalive X-ray stiuly of the 
degree oi order introdueed with extension has been reported 

The outstanding reflections in the alpha irhotograph of human hair arc the 
meridional strong arc of spacing 5.1 A. XI made up of (020) flanked on either side 
liy (120) and the composite equatorial rcfleetioiiH (001 ), (101 ), (300) and (201 ) This 
is sjiread over three A.XI. and has a mean spacing of 9.K A.C. The (100) reflection 
bocanse of its closeness t,o the centre does not lend itseli' to an easy evaluation and 
is, Miei'efore, omitted During the course of transformation from alpha to beta 
which sets m at about 30% extension, the meridional arc begins to dose up. 

*Uommunic*ak>iI Hy Prof. K. Banei’joo. D.Sc., 
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However, it never eonipletoly riisap})eai’K. In acUlition io (liiti Ihere appearn on the 
equator a new spot of 4.6 A.U. anrl the over-all rlcfinitioii of the photograph also 
improves. If we denote the intensity of the meridional and equatorial reflections 
hy Im h. rospeetively, the degree of order Q may be defined by tlie relation ■ 


n — 


K - h. 

h-\ Tv, 


yKK) 


This expression has the advantage of being independent of all exposure 
faotors. 


E X P E III M K N T A L 

III order to carry out an experimental determination of this degiee for the 
three different varieties of human hair, X-ray photographs of suitable intensity 
were taken of bundles of fibres well combed to ensure parallelism (5uK„ radiation 
from a Seifert’s sealed tube w orking at 40 K.V. and 20 m.A and monochromatiscd 



by reflection from a oalcitc crystal was used with specimen to film distance of 
f) cm. The fibres were held taut between two pin-vices, one of which was movable 
and carried a screw gauge to measure extension. The fibres were always stretched 
in water at room temperature and super-contracted by stretching first in steam 
and later on alloumig them to recover in steam itself. Intensity measurements' 
were made by Moll's recording type iiiicrophotometer . In a few (lases the intensity 
measurements were also checked by rotating the film. Under these conditions 
a spot was uniformly spread out over an annular area and two scannings wore 
given at right angles to each other. The average value of these intensities was 
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MUillipIiorl l)y the i'acitor obtained on divklmg the aiinnlai area by the area tra- 
verserl by the expJoring lieani m one scaiiiiijig. It was tbimd that the intensity 
ineaswrements in the two eases wore \Mthin experimental error and agreed faii’ly 
well. All ineasurements were reduced to the same scale. The results obtained 


are tabnlatod 

below 



Treated with 

Variety 

Suporcon- 

Ibistretcbed 

8 ti etched 

cupra-amino- 


traetod 


40% 6 B% 70% 

11 ill m hydroxide 

Black 

:is.i:i 

4:1.97 

51.9 511.19 54.09 

0 

Golden 

:I7.5S 

41 SB 

4S.01 50.12 51.12 

0 

AVhite 

:u. 2 i 

:i7 Bit 

43.82 45.S3 46.60 

0 


D I « 0 U S 8 1 O N 8 i 

The above l esidts which have also been graphit^ally represented show that the 
cKange is cxjionential. Initially there is a lelativcly ra[)id lisein the degree of 
order but later on the change not very large when the estension varies f‘r()ni^t)()% 
to 70%. Furthei, the behaviour of golden hair is nearer to that of the black than 
that of the white 'Phe difterence may lie a.scribed to the change in pigment, 
presence of air imbblos in white bail* and other changes pjodneed during the course 
ol metabohsm. On treatment with cupra-aminonium hydroxide it was tound that 
the fibre jihotograph completely disappeaied liecausc of the contraction having 
arisen from an extira folding of the chains induced by co -ordination of the absorbed 
coppei with appropriate groups in the kei atm chains A study of this 'rcvursible 
siipercontraetion'’ produced on washing wuth dilute H 2 SO 4 is also being made and 
a detailed account of the work would be shortly published elsewhere. 

A 0 K N 0 W L E J) (J ^T E N T 8 
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ijubhshed in this section. The notes containing rejjorts of new work communicated for this 
section should not contain many fig mes and should not exceed &00 woids in length. The contri 
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1. POSSIBILITY OF POLARIZATION OF FREE ELECTRONS 

S VAMA(aTr!Hl 


S(jiKNi‘Jj<’ic KiisisAiu'u iNS'rirL'Tifl. 31 KAMiriijT (Honcjo). 'Pokyo. .Iaj-an 
(Ueveived Nonember 1957) 


Powdor o1 pHnucaiieiit magnet (cocjtivc. toroe, aboiil 70() Oe) was ontMiied oji 
a magnet Hubst rate An elcetren beam (vvavclojigth, about O.O.'l A) was tmmclJed 
lliroiigli the magnet pai tides, as is shown in hgnre I. A diffraetioii pattern lieir 



h’lfj; I. ol' (^\.poi n t’lff 2, Ditfiaciion pf^ttom oniamoil 

from 1-ht‘ magnoi.. Wavdougtb ; 
0 028hA. Oamnni Jengtli : iOf) mm 



dloctron lieam is noticiaable. splitting hem. 

ohtaiiied IS Shown in figure 2. The central spot found in figure 2 was optmally 
enlarged 40 times, as is seen in figure U. If would he noticed in figure ,] that the 
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eJectron beam ib splitup aftei it has passed through the magnet body. The form 
of tlie electron beam, whieh did not touch the magnet, is showi in figure 4. In 
figure 4 there ih no sjilitting of the beam. TJie author has tried to elucidate this 
.splitting phenomenon as polarization of electrons. 

There jb a steep gradient of the magnetic field m the magnet This gradient 
apjiears at the border between Weiss' magnetic domain and Bloch’s magnetic 
wall. 'I’heie is an interaction between the electron spins in the incidence and Iht^ 
magnetic field with the gradient. The geometric relation between the incident 

tllnpl-roriK 



^ig. 5. Uolaiion betAvoen ibo mfidimi elopironH and ttie innor magueljc field. 

electrons and the inner field is illiisi.at* d in hguro 5 In the arraAgeinenl of the 
experiment, the dollectioii of the electron beam is expressed by 


■■■ 

where is the magnetic moment of Bohr’s magneton (0.93xld~“" eig/gauss), 

IS the gradient of the field, nt is electron mass (9.1 X I is the path oi 

the beam. A is the wavelength of the beam (0.0289 A), and h is Planek’s constant 
(().9y 10“-’ erg. sec). 

7n figure 5 Me have a relation 


where Z means the distance between the splitup spots m figure 3. In figure 
M^e can estimate Z — 0.02 cm. And if wo assume I — 10“'^ cm, that is, the know-n 
Inieai dimension of Weiss’ domain, then w'e olitain from Eq. (1) and Eq. (2) 


dJJ 

dZ 


(:i) 


= 4x 10^* gauHs/cm 
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[i, is expeuled that this steep grarlienl of magiiotu* helrl is realised at the border 
])etween Weiss' domain and BloeJi's Avail It is kiiowji that Urn lliieknoss of Bloch's 
wall IS about 1 01 ) A. If Ave assume 


dH , Ml 

dZ Af /2 


^^e have fi-oiii Kq. (II) 

A// — 10' UaiisK, 

where, \H means the strength oi Weiss’ (leld. This ohservcil \iilue coineifles 
willi the knoAvn strength of Weiss inner Held 

Discussion here performed is not (|uantal. hut i1 is claHsicnl Quaiiiinn 
nieehanics may tieal this problem as result of exchange force l)eU\eeii electron 
Spins in tfie incidence and those in the magnet Tlie iiiifhor has rcganlerl here 
Weiss’ nuilecuhir field as real This thought is ((iiite siiniLii' to tin* Ib.igg's thonght. 
tinil regal ds tin* iiitet jilaiuir spaeings in ci vstal as real 


2 THERMOLUMINESCENCE SPECTRA OF LIF 

A. K (IHOSH AND B (' DUTTA* 

KnxiiiA lj\i«oaA'rouv oi' I'iiasics. Unixioiisity I'olijcoio ih' Sciunci:, ('\i.( iitt\ 

{/\\'( (’ircd foi jjuhhfotfoii, \tn<nitbci //. /'• 

Lithium tliionde bombarded uith 10 KV cathode rays at room leinpejaline 
lluoriisces weakly and the thermoluminescenee glow is loo wiiak lor S]ioetral 
analysis , how ewer w hen exposed to cathode rays at OtLK it fluoresces blue and on 
prolonged irradiation the sanijiie becomes red luminescent On rayud heating, 
(he colouretl sample giAn\s two glow peaks at appi oximately Id0"l\ and (liiO K. 
The first gloAA is intense but of short duration Avhile the second is weak and pei - 
sists foe an appreciable time The spectral distributions of these glow's have lieen 

lecorded by means of an automatic rapid scanning spcctrophotometei liy Dutta 

and Ghosh (l‘)5H) Thu spectra of the glows are found to be different. d''h(‘ 
band maxim inn at the first gloAi' peak temperature is 4M,') m// (frame No. 4) wdiile 
that for the, second is 597 m /4 (frame No. 5). During the Hrst thermolnminescence, 
glow, in the, temperature range 122"’K. to IdD^K, there is an indication ol a weak 
ilifliise band on the shorter wave length side of the main band. The position of 
this band is indicated by an arrow' in the spectral record At about 12S‘’K to 134 R 
iiiiothor Aveak band appears on the longer wave length side, its position being 
marked by a double, arrow in the record 

*J^r«Hent’ address : Pliysics Dept., Bii’kbeck t^ollogo. Loudon 
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TIkj Hint ^low peak teiiiperaturc agroos Jairly Mell vviiJi those (jhtained by 
PiiijgsheiiJi and Vusk‘r (J050). (jdiorinlev (1952) and also 8harina (J952) In 
fact, tlio cinissioji ol‘ a bine glow peak al - as repoi'tefl by them, is found 

(o be the first glow peak havhig band rnaximuni at 435 m/i (IJionnIcy and Levy 
(1952) re])ortetl that the plKJsplioreseence (thoiiiiostiniulatefl) Hpectnim of gamma 
irradiated LiF is cliaraeteiized Iry two broad bands at alrout 270 m// and 440 m//. 
The ])hotomnltiidjcr used in tire present acse is insensitive Irelow' 330 in// and henee 
if the 270 m// band be ])reseiit in the thermohimineHccnu'e emission it cannot be 
detected. Tlni second glow peak iemperatiii e is in accordance w ith that, obtained 
by Shaiina (1952) 



I. 'riifii'tuoIiuuincHfCMK f‘ of Lit’ af flilft‘r«*nf tniu]>ci atiiros duiiu^ |,|i(‘ f^losN 

(t’rmuBH No 1-J) 

Llic ex])ernnental results obtained clearly show that the sjiectral iiatnie of 
the glow's is not identical "Phis is attributable to a ])rocess ol the release of 
electrons IVom ditferent traps al diffeieiit tein])eralures. undergoing prelerential 
transitions during the emission process. 

A series ol ,S])ectra w ere leeoi’ded one in each second for the thermolnniinesciince 
emission ami a tew of these arc given m the spectral recoi'd 

\ K N O W L E \y (J M E N T 

The authors wish to thank Prof. S N. J3ose tor his constant interest m the w'ork 
and to Dr K. Dasgupta for helpful diseuasions 
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THE DIELECTRIC PROPERTIES OF ESTER GUM 

A. K. SEN AND G N. BHATTACHAHYA 

UiflrAJtTMiflNT OT AppLmj3 Physics. Univehsity or Cai.c’tttma, Calcutta. 

{Ract'ived M)f pubhcntioit April 6, 1957, (ifter revimon Nownibvr 10, 1957) 

ABSTRACT. Tlitt Hiolocinc prn])oiiji(3s of ft.sioi j'utn haA'ii boon tiioa.sUT'oil ovfit' ti wido 
riiripe of toraperaturo and fj’oquoncy viv,., iroin 22‘’(' to H0"C and from 400 ryolos per so( 5 ond 
to IlOO ko/s. TJio rosin shows oliaractenstic jiolar pioportios and the region of anomalous 
dispoision oxtoiids over a wide lange. The maximum A’aluo of diolool uo los.s at any frequency 
IB less than thal. demanded by Dobyo’s tliooiy and the e''je"m jilut against jjff„ gives 
a inucli bluritoi curve lliaii the tliooretieal one indicating thoreliy a ilistiibuted lolaxatiou 
1.1 mo of the oi lentating dipoles. The radius of the rotating unit, calculated from data reportod 

IlfM'H HlAtl +Vwi nnixl+.V lKI‘Ol«l1-tr rlllu 111|K1iu1iia(I MUl<1lLkl> iruTlAU an tXAraULkrrx,. -^tuI n.^ .vT I r. A 


ERRATA 

Vol. 31, No. 12 

Page 644, 1st and 2iid lino read 'ether’ instead of 'ethyl alcohol’ and 4th 
lino, road 'axes’ for ‘axis’. 


heating and solidify on cooling, tli(‘ process being reversible and (b) the tbeimo- 
setting resins, which soinclmics soften on heating but solidify on continuod healing, 
the process being irroversiblc 3’bese two tyjres of behaviour are believed to be 
duo to the differeneo in ilieir niolcenlar struelnre The lliennoplastir resins usual- 
ly have a long cJiaiii nioleciilar stnicture, wliereas the thenno-settiiig ones liave 
a cross-linked structure. Hence the molecules oi a thermoplastic resin are in 
a position to resirond more freely to iminessod external forces such as heat or 
electric field than those of a then no -hardening type 

According to Debye's dipole theory, all polai siibstaiices are expected to 
show anomalous disporsloii and the aeeompauyiiig dielectric loss somewhere in the 
frequency range determined by the size and shape of dipoles and the inner friction 
coeffieioiit, which again depends ujxm temperature, imjiortaut information 
regarding then physical structure may thus be obtained from a study of their 
behaviour in an alternating electric field under varying conditions of temperature 
and frecpioiicy. Debye’s simple dipole theory can very well account for such 
dispersion in case of substances having smaller molecules with single relaxatiqn 

49 



48 


Letters to the Editor 


'Tlio liiHl ^low i)eaJc icinpGiatiiro agreeK fairly well vvilli fliowe obiaiiicrl by 
PringsliGiin and Viislor (1050), Ghoriiiley (1!)52) and ali^n Sbarnia (1952) Tii 
lat-i., tlio cMiijssioii nJ a blue glow peak al I35“(X as rcjiortcd by them, is found 
to be. the first glow peak having band niaximuin al 435 in//, Ghormloy and Lew 
(1952) repoiied that the xihosphoioseenee (thei'inostininlaied) siieetrum of gamma 
inadiated IJF is eharaetcrized l)y (wo broad bands al about 270 m// and 440 m//. 
The ])botomnlt:ipliei used m the xiresent aese is insensitive bolow' 330 m// and hence 
it the 270 m/^ ))anfl be ]))csenl in the Iherinolumincsceiice emission it cannot- he 
detected. The second glow' x)eak temperature is in accordance w'ith that obtained 
bv Sharma (1952) 



1 'l’lioiiuoluniiii(\sci'ni'C’i spoclra ot LiK al diHovmil I cm pern tin os ihinnj; tijc k»lo\\ . 
([•’laiiioH NTo. I- 1) 

The experimental results obtained cleaily sliow'^ that the sjiectral nature of 
the glows is not identical This is attributable to a process ol the release ot 
elections from different traps at different temperatures, undergoing pretereiitial 
transitions during the emission pioeess 

A series of s])ect i a w ere recorded one in each second for the tberinoluininescence 
emission aiul a few of these aie given in the spectral record 

wnv N () W I. JQ 1) Ct M [i N T 

The authors wish to thank l*rof. N N. Bose for his constant interest in the work 
and to Dr. Iv Dasgufita toi hel])ful ilisciissions 

KEFERENCKS 

Diiiin, R. (\ and Cdiosti, A K , lilfiti, hid. J. Phifb , 30* TiTU. 
hrmgrihoiin, P. himI Yuhtoj-, P., 1950, P/i/y*. Bvv.. 78, 293. 

(llioimley, J. A. and Covy, A A., 1952. J. Ghem. Phijs., 56, H+K 
iShtti-ma, J., 1952, PAy*. lieo., 67, 53’). 

I'^ig. 2. Thui’moluTuines(;oiicp iSpHPtj-a ol L.iK at tlio glow ponlc teinporatui-c 050®K. 
(Fraino No. 5). 
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the dielectric properties of ester gum 

A. K. SEN ANU G. N. UHATTACHAllYA 

Dicpahtmknt of Apftjfid Pjivsich, UjsivEnsrj'y of Calcutta, Calcutta. 

{J^eoeived M)f puhhcahon Aprd H, 1!)57 ; after tevi^ioH November JO, 1957) 

ABSTRACT. T 'ho dioloctrio jirojiurties of ostor gum have hcmi moaHurod over a wide 
rniigo of tcniporataro and froqiionry viz , from 22^C^ to 140"(/ and JVom 400 cycles por second 
Lo 1100 ]<c/s. rosin siiows cliaracioristic polar jiropoitios and 1/lie region of anomalous 

diHjJoision oxlends over a wide range The maximum value of dielecine loss at any frequonoy 
],s loss than that demanded by Jfebye’s theory and the jDlot against ///,,, gives 

a much bbmtei- cuivo than the thooretical one mdicatuig thereby a distributed relaxation 
time of the orientating dipoles. The radius of the rotating unit, calculated from data rojioried 
liere and the molt- viscosity data ]mbli,shod earlii'r, gives an aveiage value ol 1.5 A only, which 
IS the same as Idiat of a hyilroxyl grouji. Prom the considej’atiou ol composition of ester guiTi 
It has boon jioHtulatod that; tho dioleciiic loss of this rosin is mainly due to the proseneo of 
glyceiyl mono- and di-abietatos in this rosm. 

1 N T R 1) I) n C T 1 O N 

JveHiJis in general are (pitc diffei’ent from liolii ciystalliiie Hohdrt and ordinary 
liquids; in ilieir bulk mecliaiiical projiertics they rcseinlilc solids, wiiile as far as 
details of moloeular inechaiucs are eoiiceined they have inary ol the pro- 
perties of litpiids, According to their behaviour tovwds lieat treatment, rosins 
may have two other classifications, viz, (a) the tliermoplasties, which soften on 
heating and solidify on cooling, tlic proc.ess being reversible and (b) the thermo- 
setting resins, wliich sometimes soften on heating but soliilily on rontinued beating, 
tho process Ixnng irreversible These two tyjies of behaviour are believed lo be 
due to the differeiiee in thoir molecular structure The thormoplastie resins usual- 
ly have a long chain iiioleeiilar strLietnre, wheieas the thermo-setting ones have 
a cross-linked struetiire Hence the molec.ules of a thermoplastic resin are in 
a position to respond more freely to impres.sed external forces such as heat or 
electric field than those of a thenno-liardcniug type. 

According to Debye’s dipole theory, all polar substances are expected to 
show anomalous dispersion and tho aecomjianying dielectric loss somewhere in the 
freipiency range dcterniined by the size and shape of dipoles and the inner friction 
coefficient, which again depends iijjon temperature. Important information 
regarding tlicii' physical structure may thus be obtained from a study of their 
behaviour in an alternating eloetru; field luidei vaiying conditions ol temperature 
and frequency. Debye’s simple dipole theory can very well account for such 
dispersion in case of substances having smaller molecules with single relaxatiop 
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time and yields important data regarding their physical structure. But sometimes 
such direct and cjuaiititative application of Debye’s equations becomes difficult 
in the case of a substance having large molecules with distributed relaxation time, 
as in the case of a complex polar rosin whose polar groups may not be free but 
anchored to a common chain It has been observed that in many such cases 
these groups only orient with the altornatiug field instead of the whole molecule. 

Chemically speaking ester gum is the glycerol ester of rosin acids about 98% 
of which is abietic acid. It is a thermoplastic resin having a softening range of 
temperature near about 79°C. Ester gum is largely used in various industries 
although wood rosin is considered as an inferior resin owing to its high acid value 
Its molecular weight is about 900, hence altliough the molecule is small compared 
to most polymeri(! resins, it may be sufficientlj'^ large for the quantitative appli- 
cation of Debye’s equations. It is, therefore, of consitlerable interest t(| study 
the dielectric properties of this thermoplastic resin with a view io getting an 
idea of the size of the rotating unit. 

THEORETICAL 

The dielectric properties of a substance which exhibits the phcnoinencin of 
absorption or dieloctricj loss may be expressed in terms ot a real and an imaginary 
part of the complex dielectric constant, viz , 

e ^ 

whore t = the complex dielectric (!onst‘',iii', i 

— the real or ordinary dielectric (constant or permittivity, 
and c" = the imaginary part or the dielectric loss factor 

The relation between the dielectric; loss fac.tor t" and the rlielectric constant f/ 
is generally expressed as 


c" ~ cos (j) 

(j) being the phase angle by which the current vector leads the voltage vector 
across a condenser filled with the given dielectric material. In the case of a perfect 
dielectric this angle would be 90". The angle rV which measures the lag of the 
phase angle from 90", is called the loss angle and is usually very small in case of 
dielectric materials. 

Since 8 is very small and (j)-\'8 — 90", we have 

= e' cos <!> = e' sin d — e' tan 8 

where tan 8 is called the power factor of the condenser. The dielectric constant 
3' and the power factor tan (J of a condenser may be determined in the usual man- 
ner and the dielectric loss e" may be computed. 
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EXPERIMENTAL 

Apparatufi : For the measurements of permittivity and power factor of 
ester gum a General Radio type 7I6-C eapacilance bridge was used. The genera- 
tor was a G.R- type 1330- A bridge oscillator and the detector- amplifier was Bi 
G.R. type 1212-A unit null-detector having a suitable gain of amplification over 
the range of frequency investigated. 

Throughout this investigation a vertical typo parallel plate condenser was 
used. The metal plates were fixed on a fused quartz plate. The condenser could 
be placed inside a small beaker containing the material to be investigated upon 
in the liquid state. This vertical type condenser was preferred to the horizontal 
type as the adherent air bubbles could easily escape from the former. The 
details of construction of this typo of condenser has been described previously 
(Bhattacharya, 1944). 

Method of Procedure ■ Preliminary tests were made on the condenser as 
regards the constancy of its value and was found to be quite satisfactory. The 
condenser was placed inside a completely shielded enclosure and loads w’^ero taken 
out through coaxially shielded quartz tube The outer shield and one set of the 
condenser plates were connected to the ground terminal of the bridge which was 
earthed. Keeping tho condensei in this position its air-cajiaoity was determined 
by using chemically pure benzene up to a certain mark on tho beaker. Honce, 
b5'^ measuring tho capacity of the tost cell filled up to the said mark with the 
material its dielecdric constant could be determined. 

Ester gum was melted in a crucible and poured in the beaker and kept inside 
a hot air oven alongside the condenser to allow the dissolved air bubbles to rise 
gradually up to tho surface. The hot condenser w^as then slowly put in the molten 
ester gum taking caro to avoid adherent air bubbles. The temperature of the 
oven was then slowly brought down to the room temperature. A thin cork pad 
in tho foT‘m of a ring was placed between tlie rim of the boaker and the quartz 
plate in order to avoid undue strain during the setting of tho rosin on cooling. 
Tho temperature of the oil bath was controlled by a thermostat within 0.2'’C. 
Measurement of d.c. resistivity was carried out using the same condenser. The 
details of this measurement have already appeared (>Sen and Bhattacharya, 
1957). 


DISCUSSION 

In figures 1, 2 and 3, tho power factor tan S, the dielectric constant e' and the 
dielectric loss e" have been plotted as respective functions of temperature. All 
these curves can be explained in tei’ms of orientation of polar molecules in the light 
of Debye’s theory. According to Debye the dielectric loss is caused by the orien- 
tation of polar molecules, when placed in an alternating electric field, against an 
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RESULTS 

TABLE T 

Lielei'tric* oonstant. — temperature data. 


Diolorti'in fonKl-aiit. e' at 

in "(' 

400 c/h. 

1 kr/s. 

5 kr/.H. 

10 ko/n. 

50 kc*/s. 

100 kc/s 

300 Ivc/h. 

22'' 

2 717 

2 714 

2 708 

2 704 

2 . 702 

2 698 

2 692 


2 719 

2,719 

2 712 

2 712 

2 707 

2 702 

2 700 

1 

40" 

2 74H 

2 745 

2 733 

2 738 

2 733 

2.732 

W 727 

r)0" 

2 . 700 

2 781 

2 775 

2 771 

2 703 

2.763 

2^53 

(U)" 

2 S3I 

2 816 

2 798 

2 790 

2 77!) 

2.775 

2 771 

70" 

2 . 969 

2 900 

2 836 

2.827 

2 805 

2 700 

2.790 

HO" 

3 360 

3 154 

2 954 

2 017 

2 85 1 

2 H20 

2 805 

00" 

3 748 

3 509 

3 310 

3 no 

2 002 

2.910 

2 854 

100" 

3 HfiH 

3 . 783 

3.016 

3 455 

3 175 

3.073 

2 949 

110° 

3 H4H 

3. 8 JO 

3 081 

3 584 

3 362 

3.300 

3 054 

120" 

3 . 835 

3.787 

3.768 

3 740 

3 010 

3 . 489 

3 . 323 

130° 

3 810 

3 706 

3 784 

3 773 

3 700 

3 637 

3.512 

J40" 

3.777 

3 773 

3.760 

3 75.5 

3 733 

3.702 

3 618 
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TABLE TT 

PoM ei- factor — teniperature data 


Tempcfatum 
in "C 


POWIM- fllCtOI 

tiui S (rni 

mfind for 

il.c fiiriductivity) a( 


400 c/h. 

1 kf/s 

5 kr/R. 

10 kc,/.R. 

50 lvr-/H 

100 kc/R. 

300 ko/s. 

22*" 

0 00 IH 

0 0018 

0 0014 

0 00 J 4 

0.0018 

0 0020 

0.0027 

30" 

0 0017 

0 0017 

0 0013 

0.0013 

0 0017 

0 0010 

0 . 0027 

10° 

0 0012 

0 0014- 

0.0012 

0 0012 

0 0016 

0.00 18 

0 0027 

50° 

0.0030 

0 003() 

O.0(>22 

0 0020 

0 0020 

0.0022 

0 0033 

(i0° 

0 0105 

0 0077 

0 0052 

0.0043 

0 0031 

0.0031 

0 0030 

70" 

0.03HH 

0 0240 

0.0132 

0 0105 

0 00()7 

0.0000 

0.0057 

HO" 

0.0800 

O.OOOO 

0 0370 

0.0205 

0.0170 

0 0140 

O.Olll 

00" 

0.00*14 

0 . 0085 

0 0755 

0.0577 

0 0380 

0.0320 

0 0222 

100' 

0 . 025 ^ 

0 0370 

0 0581 

0 0720 

0 0025 

0 0585 

0.0427 

JIO" 

0 . 0000 

0.0173 

0 0350 

0 0405 

0.0080 

0 0750 

0.0615 

120" 

0.0033 

0 0057 

0.0160 

0.0220 

0 0515 

0.0662 

0.0741 

130" 

0.0011 

0 0025 

0.0070 

0 0123 

0 0314 

0 0465 

0 . 0600 

U0° 

0.0018 

0.0010 

0 0040 

0 0058 

0 0171 

0,0267 

0 . 0480 
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TABLE III 

Dielectric losB-temperaiure data 


Diploctric loss r" (porroctod for d.c. conductivity) at 
Tomijcraturo 


in °C 

400 u/h 

1 kc/n 

5 kc’s. 

10 kc/fl. 

50 kc/s. 

100 kc/s 

300 ko/s. 

22“ 

0.0049 

0 0050 

0 0038 

0.0038 

0.0480 

0.0054 

0.0073 

30° 

0 0046 

0.0046 

0 0034 

0.00.35 

0.0047 

0.0051 

0.0073 

40“ 

0 0033 

0.0038 

0.0033 

0 0033 

0 . 0046 

0.0049 

0.0074 

j 

50“ 

0.0101 

0.0085 

0,0062 

0.0055 

0 0055 

0 0061 

1 

ft 0091 

60“ 

0.0297 

0 0216 

0 0147 

0.0120 

0 0086 

0 0087 

0.0108 

70° 

0 1152 

0 0696 

0 0376 

0 0297 

0.0189 

0 0J68 

0 0159 

80° 

0 2669 

0 1892 

0 1093 

0 0861 

0.0485 

0 0396 

0.0311 

90“ 

0,2414 

0 2440 

0.2499 

0,1800 

0.1126 

0.0931 

1 

0 . 0634 

100° 

0.0980 

0.1400 

0 2100 

0 2488 

0.1985 

0.1798 

0.1261 

1 10° 

0 0377 

0.06.59 

0.1288 

0,1451 

0.2310 

0 2429 

0.1878 

120° 

0.0127 

0.0210 

0.0636 

0.0858 

0.1864 

0 2310 

0 2462 

130° 

0 . 0042 

0 , 0097 

0.0300 

0.0460 

0.1166 

0.1690 

0 2317 

140° 

0.0067 

0.0038 

0.0162 

0 2174 

0.0640 

0.0988 

0.1737 


internal frictional force or viscosity. At lower temperature, when the substance 
is more or less in a solid state, the inner frictional force or viscosity is so great that 
the dipoles are unable to orient themselves in response to the impressed alternating 
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field as if they are “frozen in”. Consequently, the dielectric loss and the power 
factor are low The value of the dielectric conatani is also low and is mainly 
due to the electronic polarisation as any contrihution from dipole polarisation 
is almost nil. At very high temperatures thermal agitation tejuls to produce a 
raiuhmi distribution of dipoles thereby making a very few dipoles available to 
orient themselves in response to the field And even those lew dipoles that orient 
absorb little energy from the field as the resistance to such orientation is very 
small owing to the logarithmic decrease of viscosity with temperature. Thus 
at high tcm]ieratures, too, the loss and the power factor are low. Between these 
two extremes there will be states at which the dipoles can respond more or less 
freely to the alternations of the mqiressed field against the opposing forces of 
both the internal viscous forces of the material as well as those due to thermal 
agitation With the mcre^asc of temperature the forces due to thermal agitation 
increase, whereas those due to viscosity decrease. At any temperature, therefore, 
the loss IS determined by the frequency of the alternating field as well as tliAvisco- 
sity of the substance and the size and shape of the dijioles giving the chai actWistii 
relaxation time t \ 

As the softening jioint of the substance is approached with the increaftio of 
tompeTaturc, the internal viscosity decreases rapidly and more and more polarisa- 
tion takes osviiig to increased participation of the “frozen in” dijioles in the orien- 
tation, resulting in a stoop rise m the value of th(5 diclecitric constant. Then the 
dielootric constant tends towards a maximum indicating a liquid state with the 
maximum number of oriented dipoles and the high value ol the dielectric constant 
a])proaches 6,/, the “static value” of the substance at the jiarticuky temperature. 
With a further rise in tomiierature the opposing forces due to thermal agitatuin 
predominate and so the number of oriented dipoles diminish, resulting in a lower 
value of the dielectric constant It may be seen from figure 2 that this stoojiiiig 
portion of the fliolectrie constant -tom porat lire curve was obtained for the Irecjueii- 
cies, 400 c/s and 1000 (!/s only while those for other Iretpieiicies seem to lie at tem- 
peratures higher than tfie range of investigation. 

Now, for a given substance the ainouiit of dipole jiolarisation depemds ujion 
the relative values of relaxation time t and the period of the alternating field 
iiTr/ti). When this peuiod is very small i>.e. for very liigh frequencies compared 
with 1 /t, the dipole polarisation is negligible, hence both the dielectric constant 
and the dielectric loss are low. This may be seen from figures 2 and 8. When 
the period of the fielil is large compared with t, coinplelcrpolarisatiou takes place 
in each half of the ('ycle and the dielectric constant ap]iroaches the maximum 
value. Because of the low value of r compared with the jieriod of the field, orien- 
tation also does not lag behind the field alternations, thus resulting in a low loss. 
The ehangc of the dieloetric eonstaut from a low value to a large one occurs in 
tlie region in whicli the half period of the apjilied field is of the same order as 



67 


The Dielectric Properties of Ester Oum 

the relaxation time. Again, in this region polarisation can not keep pace with the 
field alternations and it lags appreciably behind tlie field, with the result that both 
dielectric loss and power factor approaches maximum values. It may be noted 
from figures 2 and 3 that the peak of any loss curve corresponds to a temperature 
at which the maximum variation of dielectric constant takes place in the corres- 
ponding 6'— temperature curve. 

As with the increase of temj>eratuie relaxation lijne decreases, it follows that 
the dielectric loss peaks corresponding to different frequencies would occur at 
higher and higher temperatures as the frequency is increased. This may be seen 
from figure 3. At the frequency of 400 c/s the maximum dielectric loss takes 
place at 84*^0 while for the frequencies of 1, 5, 10 and 50 kc/s the peaks occur at 
87^0, 94“0, 99“G and 106°C respectively For 100 kc/s and 300 kc/s, the peaks, 
which are blunter than the previous ones, occur at still higher temperatures viz., at 
112”C and 122°C resxiectively. Thus within the above frequency band the peaks 
si)i‘cad thi’ough a range of abouf. 38°0. From the curves it may again be noted that 
the value of the maximum loss e"„i of each (!urve increases as wo proceed towards 
l()v^'er temperatures Thus for the curve corre8i)onding to 400 c/s is 0.296 the 
maximum occurring at 84“C, whereas for 300 kc/s is only 0.246 at 122°CI. 

It IS quite appparent that all the curves given above are in qualitative agree- 
ment with the expected behaviour of polar molecules according to Debye’s theory. 
But the electrical properties of polar systems (lontamiiig large molecules differ 
markedly from those in which the molecule.s are small. The jiroiierties of the 
latter are well acjcounted for by Debye’s theory in which the fundamental assump- 
tion is the single relaxation time and the small size and simi)le shape of the 
rotator. 

But in the case of a polai' substance having large molecules, such as polar 
polymers, polar groups sometimes are attached to a common chain or to other 
polar groups attached to the chain. The different possible configurations of the 
chain and their random distribution under thermal agitation give rise to a band 
of distributed relaxation timdia for the entire molecule uistead of a single one as 
in the case of a simple polar molecule (Fuoss and Kirkwood, 1941). Now from 
theoretical considerations (Wagner, 1913 and Yager, 1936) it has been shown that 
the characteristic difference between a polymeric system and a system describable 
in terms of a single relaxation time is revealed by a diminution in the value of 
the maximum loss from that demanded by Debye’s equation as well as by the 
widening of the dispersion band. 

The maximum value of the rlielectric loss of a polar liquid at any tempera- 
ture,, according to Debye’s theory, can be represented as 



2 
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where = the itmximum value of the loss, 

t’jj' = the static dielectric constant at the particular temperature, 
and 6a,' — the value of the dielectric constant at very high frequencies. 

For ester gum, the value of e^' at 100"C can be estimated from figure 4 to be 
3.89 and that of 2.79. Hence on the basis of Debye’s relation the value of the 
maximum loss at 100"C should have been 0.55. But the experimental value, as 
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can bo seen from figure 5, is 0 25(i which is only half of the theoretical value, ^^hus 
the quantitative application ol Debye’s relation is founrl to be invalid iji this case, 

It may be seen from e'*frequency and ^''-frequency curves of figures 4 and 
!i that both the regions of dispersion as well as of absorjition extend over a wide 
range of frequency not loss than b or 7 dccade.s. Tlie values of t" je^n" for ester gum, 
obtained from the lOO^C data of figure 5, are plotted against log ///^^ and the 
resulting curve is shown in figure G. The Debye curve is also shown in the same 



-2 0 -15 -1 0 -0 5 00 0 5 1 0 / 5 2 0 

log(f/fw) 

Fig, <5. 


figure for the sake of comparison and it may be seen that the curve for ester gum 
is much blunter than the theoretical curve Similar curves for several other 
resuis are also represented in figure 6 for the sake of comparison, it may be 
seen that the curve for ester gum almost coincides with that for Manila copal 
obtained previously by one of us (Bhattacharya, 194G). Thus the effects of distri- 
buted relaxation times are (juite evident in the case of ester gum by the blunter 
shape of the absorption curve as well as by the Avide departure of the observed 
value of the maximum loss from the calculated one. 

As stated previously, the phenomenon of dielectric loss of polar materials 
caused by the orientation of dipoles in an alternating electric, field, is, according 
to Debye, a relaxation mechanism controlled by an internal frictional force. 
The relation between the relaxation time and the internal frictional torque en- 
countered by a dipole in an alternating field, is 

r= J- 

2kT 

where t = relaxation time, | = frictional torque, h — Boltzmann constant, 
and T = absolute temperature. 
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In the case of a liquid where a spherical shape of the rotator can be assumed, 
I can bo written as equal to 877^rt®, according to Stoke’s law, so that 

T = ^“ ... (1) 

kT ^ ^ 


where r/ — coefficient of viscosity and » = radius of the rotator. 
Now T can be calculated from another relation due to Debye, viz., 


WT — 


V+2 


( 2 ) 


at a temperatm-e where the dielectric loss is maximum for any frequency and 
6’o' and e^' are the static dielectric, constant and the dielectric constant at very 
high frequencies resijectively at that temperature. j 

Fiom the last two relations it is quite apparent that if the values of w and 
T for the temperature at which the maximum dielectric loss takes place tor a 
particular frequency are known, the radius of the dipole unit o can bo determined 
The (50offic,iont of viscosity of this resin has already been deterjnincd over the riwigo 
of temperature investigated (Son and Bhattacharya, 1957) Tho relaxation time 


T for a particular temperature can be determined from the c'— log / curve using 
relation (2). The results of this computation are shown in Table IV bolow. 


TABLE IV. 


Frequency 
(in ko/s.) 

'An 

(Temp, in 
"C at 
winch Sffi" 
occurs) 

Co' 

(at Ttff) 


T 

(Relaxation 
time 111 sec) 

log V 
(at T,n) 

(m A) 

1 

sr 

3.850 

2 790 

1.304x10-1 

5 26 

J 41 


94“ 

3.860 

2.790 

2 605xl0-r- 

4.54 

1.44 

10 

99“ 

3.890 

2 790 

1 294x10-5 

4 13 

1.5R 

50 

106“ 

3 870 

2.790 

2.597 xlO-n 

3.49 

1.52 

100 

112“ 

3.860 

2.790 

1.301 Xl0-« 

3.07 

1.67 


From Table IV it may be clearly seen that the radii of the rotator units, 
although computed from various data corresponding to- different frequencies, 
are in close agreement and they all lie within a narrow region around the most 
probable value of 1.5 A. 

The smallness of these values is one of their most striking features. From the 
molecular structure of abietic acid, as given by Kuzicka and his co-workers (1932, 
1933), it is quite evident that ester gum, which is mainly a glycerol ester of abiotic 
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atiid, can not in any possibility have snob a small dimeusion if we assume the 
whole molecule to rotate in response to the alternating field. On the other hand, 
the value of the radius of OH group has been fairly established from X-ray and 
other methods as having 1.5 A. The exact coiuciclcnee of these two values 
suggests that perhaps it is the hydroxyl group in the ester gum molecule which 
mainly participates in the orientation when placed m an alternating field instead 
of the whole molecule. 

Hartshorn and co-workers (1940) arrived at a similar conclusion in case of 
some synthetic iihenolic resins. One of us (Bh attach arya, 1944) also demons- 
trated that in case of several lac resms the rotator unit was the hydroxyl group. 

Ester gum is obtained commercially by the esterification with glycerol of 
wood rosui about 98% of which is abietic acid. Abietic acid molecule contains 
only one — COOH group, according to the structure suggested by Ruzicka and co- 
workers (1932, 1933). Glycerol, being a trihydric alcohol, would rcquii'o throe 
molecules of abietic acid for comiileto esterification to form glyceryl tri-abietate 
and no free hydroxyl group is expected in this ester. Doubts naturally arise as 
to the propriety of identifying the rotating unit m the ester gum molecule with 
hydroxyl group. But Blhs (1935) has pointed out that complete esterification is 
very difficult m the formation of ester gum from glycerol and abietic acid and in 
usual practice estei gum obtained consists of glyceryl tri-abictate together with 
some amounts of mono- and di-abietates. Tn the glyceryl mono- or di-abiotates 
one or two of the three hydroxyl groups of glycerol remain unestorified. Per- 
haps it is these unostcrilied hydroxyl groups which contribute toAvards the dijiole 
orientation and their dimensions have boon obtained in the calculation of the rota- 
tor size. 
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VELOCITY OF ULTRASONIC WAVES IN SOLUTIONS 
OF ELECTROLYTES 

SATYA PRAKASH anh SATISH OHANDRA SRIVASTAVA* 

(DiSPARTMKNT of ChEMISTBY, AIaLAMABAD Univeuhity) 

[Rtt eived for puhhrnHou August 21, lfl67) 


ABSTR ACT. An equation for tho velooity of nltraflonic* wavps in solutions of electrolytes 
has been doveloped on tho basis that eloctrostatio forces between tho ions morease tho ptessure 
whereby the volume olasticil-y is inereafiod, incioasing the velocity. 

Mohanty and Deo ( 1955 ) published their results on ultrasonic volooities in teinc 
and magnesium sulphate solutions at different concentrations and over different 
ranges of temperatures. Similar experimental results published by Krishna* 
murthi ( 1950 , 51 ) are available for solntions of electrolytes lilte potassium Wide, 
potassium bromide, potassium fluoride, sodium fluoride, sodium nitrate, potassium 
nitrate, strontium nitrate and barium nitrate. \ 

Whereas it is easier to explain the variation of ultrasonic velocities in lAse 
of solutions of non-eloctrolytes, the treatment becomes extremely difficult for 
solutions of electrolytes. 

Salts are ionised in solution and consequently the electrostatic forces exerted 
by the ions cause an extra local pressure and since the pressure of the liquid is 
increased, the liquid becomes harder to compress, i.e., the compressibility /| or 

— decreases. In other words, we may also say that hack anct forth motions 
vdp 

of the particles or the ions are guided by two forces; firstly, the normal pressure 
P experienced by the particles as if the salt was non-ionised and secondly, the 
pressure P* due to the electrostatic forces in case of electrolytes. Those two 
pressures combined together, contribute towards the compressibility of, or the 
velocity in, the solutions of tho electrolytes. From the equations, 

I=^2nvVdA^ ■■■ ( 1 ) 


K • 

P=-y’^ 


we may write, 


F= ^ 

2ld 


* Present address — Depavtmout of Physical Chemistry, I.A.C.S,, Calcutta-32. 
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where Jf ifl the intensity of ultrasonic? waves in ergs/sec/sq. cms. v is the frequency; 
y is the velocity of the waves in the medium, d is the density of the solution; A 
IS the maximum particle displacement ; x is particle velocity; K is the volume 
elasticity. 

As already stated this pressure p is the sum of the two pressures P and P' 
and equation (4) may be written as, 




... (5) 


Now P' may be calculated as given below The potential of an ion m solu- 
tion may be written from Debye-Huckel theory of electrolytes as 


= 


ZfiK 

D 


... ( 6 ) 


where Z\ is the valency of an ion, t is elecitronic charge, D is dielectric constant 
of the medium and 


\ ■ DkT ] 


... (7) 


(where k is Boltzmann constant given by A being the Avogadro number and 


B the gas coiistaiit, T is temperature, is the number of ions per c.c. of 
kind . 

From the well known laws of electrostatics the force per unit area between 
two charged particles at a potential difference of ijr is given by 


force pel' unit area — 


StT 


where D is the dielectric constant of the medium. Hence loice per unit area, i.c, 
pressure is given by 






Stt 


Z^W 

SnD 


... ( 8 ) 


Thus from equations (5) and (8) 


V ^ 


r Z,W 

[ ^'»7rD 


2Id' 


... ( 9 ) 
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Equation (9) may be simplified with the help of the following equations, 

... ( 10 ) 
... (11) 

where is the number of gm. ions i)er litre ; fi is ionic strength. 

The final form of the equation may be written as, 


Na 

- — » = n, 

1000 

S G, = 2/^ 


Fi : 


+ 


BZ^ (2/1) 


(2/d)i ^ D^T(id)i 


... ( 12 ) 


where 


5 _ 

1000 . 2^2R 


Assuming the pressure P in equation (12) to bo constant (this mcluaes one 
constant term and the other term for osmotic pressure which can be oxmndod 
for accuracy) to an extent of approximation, equation (12) represents a sti^aiglit 
line. In figure 1 we have plotted (F . fZ)i against /x (ionic strength) from the 



data publislied by Mohanty and Deo (loc. cit), for zinc and magnesium sulphate. 
The graphs are straight lines. It is interesting to note, as is expected from our 
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equation, that the slopes of the straight lines for the two electrolytes are almost 
the same. 
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A COMPARATIVE STUDY OF BETATRON AND DIRECT 
INJECTION IN THE ELECTRON SYNCHROTRON 
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ABSTRACT. Tho oponition of an oloctron synehroiion in relation to the types of 
injeution is deHtivihed briefly and the oajdiire efficiency at the time of start of the synchrotron 
phase of motion has been calculated. In the two cases the apjiroach of calculation /has been 
different depending? on the fact that the mof ion of electrons towards the end of thej betatron 
phase and the motion at the time of injection from the exlernal injector are different 

The merits of the two typos of injection have been discussed. 

I N T R O D U C O N 

The synchrotron, which has proved a successful successor to the betatron 
for acceleration of electrons to very high energies (up to theoretical limit of 
2 GEV), is derived from the classical principles of Veksler (1945) and McMillan 
(1945), It has an a.c. magnet as m the betatron, but the acceleration is pro- 
vided by an r.f. system as in the cyclotron. 

Goward and Barnes (1946) first dc monstrated the practical possibility o^’ the 
electron synchrotron by converting a 4 Mev betatron into an 8 Mov synchrotron 
simply by increasing the magnet excitation and placing an r.f. resonator outside 
the donut. 

Figures (J ) and (2) are block di agrams of the components of a typical machine. 



Fig. 1. A “C” Section of synchrotron magnet 

1. Betatron flux bar 

2. Magnet excitation windings 

3. Magnet poles 

4. A coloration chamber or donut 
.5 . Magnet flux return path 
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Injection into a betatron started Bynchrotron takes place at 50 to 100 KV 
from an electron gun and electrons are accelerated by betatron action up to rela- 
tivistic energies. In ‘direct’ injection electrons of 2 to 3 Mev are injected into 



:t. Equilibrium or bit 

4. Target 

5. Electron gun (injector) 

tlie synchrotron from a bnac, Van de Graaff, pulse transformer etc. (Salvmi 1966). 
In the betatron phase of motion, the electrons move lu instaiitaneouB orbits 
which start from the injector position. The instantaneous orbits contract to- 
wards the equilibrium orbit rj, as the energy of the electrons mcroasos along with 
the increase of the inagnetK; field. Eleistrons which are not exactly on their ins- 
tantaneous cir’clcs execute radial and vertical oscillations about the instantaneous 
ch’cles. The frequency of these radial and vertical oscillations are proportional 
to (1— and respectively (Kerst 1941) where n is known as the magnetic 

field index and is given by -- ^ . The amplitudes of these oscillations decrease 

as the energy increases. Towards the end of the betatron phase of motion, the 
electron oscillation amplitudes are so small that their effect when the synchrotron 
phase of motion begins can be neglected. 

In the case of ‘direct’ injection or injection at relativistic energy from an 
external injector, there is no increase of enei'gy during the time of injection and 
the instantaneous circles contract due to the increase of magnetic field. 

The amplitude of oscillation of electrons which are not on their proper 
orbits do not decrease but remain as free oscillations. So when the synchrotron 
action begins there are electrons with free oscillation amplitudes ranging from 
zero to the clearance between the injector and the stable orbit, 
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Calculation of efficiency of capture into synchronous motion will depend on 
the type of motion the electrons are undergoing before the synchrotron phase 
begins. 


GENERAL THEORY 



Pig. ;i(a). Variation of magnotio field with time and timing 
of evonte in hetatron mjeotion 


Event 

Total energy 

Time from 

zero fiield 

Magnetic \ 

fiield at Tq 

(Injection start) 

0.56 Mov 

9.5 fi Sec 

30 gauss 

(tnjection stop) 


10.22 /i Sec 

32 gauss 

tg (R.F.on) 

2 Mev 

B4.9 11 Sec 

267 gauss 

tf (R.F.off) 

i 

75 Mov 

50000 (t Soc 

10 K Gau s ! 



Fig. 3(h). Magnetic field us time and time ol event in direct 
injection 


Event 

Total energy 

Time from 

zero field 

Magnetic 

field at To 

(Injection starts) 

2 Mev 

82 M sec 

25j 8 gauss 

tg (Injection Stops j 

R.F. on)=<tf j 

»> 

84 . 7 M sec 

266 gauBs 

tf (R.F. off) 

75 Mev 

5000 ft sec 

10, K gauss 
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Figuife 3 (a) & (6) shows the variation of magnetic field with time at any 
radius r. The magnetic field varies with radius and time according to the 
formula 

= ( 1 ) 

where =niaximum magnetic field at the equilibrium orbit radius 
= frequency of magnetic field. 

The frequency of the r.f. cycle and the relation of magnetic field with electron 
energy are given by (Livingston 1964). 

Ocr» ' ’ 

where Eq — rest energy of the electron. 

e = electronic charge in e.s.u. 

C •= velocity of light 

I'he case of betatron injection. 

The spread of radii at the end of the betatron phase and the spread of radii 
at its beginning are l elated by 


where ~ radial spread at the end of betatron phase. 

pj = initial spread of radii 
Ej = injection energy 
Eg = final energy "(betatron phase) 
p = velocity of electron/velocity of light 

The equation of motion of an electron captured into synchronous motion is 
shown to be an oscillation in phase about a mean positive phase with respect to 
the r.f. wave (McMillan, 1945, Bolun and Foldy, 1946, Frank 1946). This phase 
oscillation corresponds to a radial oscillation given by (Goward, 1949). 

p = ^ [ cos ^?4-cos 0g—{7r—0g~d) sin (6) 

V'2 

Pg corresponds to amplitude of oscillation when dg — 0, where Og is the 
equilibrium phase angle. 
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Capturejefficiency — 
(See figure 4) 


area common to the proper 6j^ curve and rectangle 
area of rectangle, 


The case of Direct Injection. 

Ill this case, as these are electrons with all possible amplitudes of free 
oscillation between 0 and pj, where pj is the clearance between injector and 
stable orbit, the condition for capture is that the sum free and synchrotron 
oscillation amplitudes should be less than pj. From this it can be shown that 
(Persico, 1955) 

where = synchrotron oscillation amplitude 

(T — orbit contraction per rotation 
T = period of one rotation 

t — instant of injection during injection interval. 



Fig. 4. 

can be shown to be proportional to a function 7/(0) given by 
7i{d) = 

where F{0) = ~\-0 

sin 

Figure (5) is plot of 7j(0) against d. With 7j{0) calculated Jhom X^ , as ordinate, 
a horizontal line is drawn in figure (5). The length of this straight line intercepted 
by the curve of figure (5) divided by an abscissa length corresponding to 27T 
gives the captured fraction of electrons injected at time i. 

Several such fractions are calculated and plotted in figure (6), where a rect- 
angle is also drawn with ordmate equal to unity (the area of this rectangle cor- 
responds to the number of electrons injected). 
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Capture effioienoy = Mea below the curve of figure ffi ' 
area of rectangle 



Fig. .5. 



Fig. 6. 

Based on these- ideas our calculations give the results shown in Tables I II 

and ni. ' 




n 


M\ N. Viawesvariah and l^j K\ Sen 


TABLE I _ 

Table of common parameter^ for the electron sjniohrotron with betatron 
or direct injection 


Parameter 

Symbol 

Value 

J^’inal energy of beam energy 

Ef 

76 Mev 

Peak magnet 10 field at stable orbit 

^max 

10^ gauss 

Stable orbit radius 

r,) 

26 cms. 

Peak acooloratmg voltage 

V 

726 volts 

Radio frequency 

fs 

191 Mo/s. 

Magnetic field frequency 

fm 

60 c/b. 

Magnetic field index 

n 

0.7 

Equdibnum phase angle 

6s 

10» - 

Maximum increase in voltage per rotation 

Vu 

126 volta 

Distance of injector from equilibrium orbit 

Pi 

3 cms. 


TABLEill 

Additional specifications for betatron injected synchrotron 


Parameter 

Symbol 

Value 

Injection energy 

Ej 

50 K.V. (kinetic) 

Starting of time of injeotion alter tho magnetic field 
rises from zero value 

h 

9.6 microseconds 

End of mjection 

h 

10.22 

Time when betatron stops and R.F. is made on 


84.7 

Electron energy at transition 

Eg 

2 Mev. 

Spread of radii at the end of betatron phase 

Po 

0.3470 cm. 

Size of donut (with elliptical soction) 

— 

4.7 inches half width 


- 

3.1 inches half height 

The operating pressure 

- 

1 X 10 ~B mm. of Hg. 

The max. vertical amplitude due to gas scattering 
which IB attamed at four times the injection 
energy (usmg Blachman and Courant theoi^n) 

_ 

1 cm. 

Fractioi^ of electrons at tho end of betatron phase 
. accepted into stable' synchronous orbit 


04.28% ' 
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TABLE III 

Diiect injection parameters 


Tarametor Symbol 

Injoction energy 

Time of mjootion start 

Time of end of injection ond and R l<\ on 

Donut dimonsiona — semi major axis 

somi minor axis 

Tho operaiiing pressure about 

At 3(iXlO-« mm. ofllj^tlio max. vortical amplitude duo 
to gas scattering — 

tVaction of olootrons abhOibod into stable orbits after 
missing tlio injecl-or — 


Value 
2 Mov. 

S2.1 micro-soc. 
84 7 micro-HOc. 
4 5" 

1 X 10-"' mm. 11 g. 
0.00:ui7(i cm. 

04 88% 


D I 8 C U S S T O N 

For injection at 50 KV, tho magnetic hold at the start of injection should 
be 30 gauss and for injection at 2 Mev the field should he 200 gauss. A higher 
magnetic field at the time of jiijection meaiiH loss difiicnlty of controlling and 
shaping the magnetic field. 

Tho theory of gas scattering as worked out by Blackman and Courajit (1948) 
has been showJi by iliddilord (1951) to explain aiiproxiinatoly the minimum 
vertical ci'oss section of tho doniil. observed in synchrotrons below which the out- 
put of tho machine falls rapidly to zero (Elder, Langmuir, Pollock 1948). Ushig 
Jliddiford’s ajiproach wo find that the contribution to the osmllation amplitude 
IS negligible in the case of high energy injection Thus the donut can be operated 
at higher jiressurcs or the dimensions of the donut can be rediuied, as also the cost 
of the magnet. 

The angular spread ol an electron beam from a high energy injector is much 
smaller than that ol the conventional betatron injector. 

The possibility of electrons missing the injector m the high energy injection 
(iase is more than in the betatron injection case as the rate of instaiitaueous orbit 
contraction is greater in the former case than in tho latter. 

The case of betatron injection is siiniiler, as the additional flux needed is 
derived by flux bars attached to the iioles of tlie main magnet. Tn the case of 
direct injection much additional equipment is needed to bend the high energy 
beam along the direction of the circular orbits. 

High energy injection becomes more and more economical as the maximum 
energy for which tho synchrotron is designed increases as the cost of tho injector 
is nearly the same for all machines. 
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A WARBLE TONE GENERATOR 
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Khahaoi'dii, India. 

{Received for publimtioti, July 25 , 1957 ) 

ABSTRACT. A warblo tone Ronprat.or uain^ uailDplu phaso shift osnllaf or lias been 
(fencribed. Actually f,wo .similar oscillators mo used, ono havinji a vory low fixod frequency 
cm responding to tho frequency of wobbulal ion This low froquoncy oscillator voltage is 
ajipliod to the grid of a tnode which i,s used as a variable lesistaiico elonioiit in the main 
oscillator of varying froquoney. 'I'ho relative imjioitmice ol' the different 11 0 sections of 
a pliase-shifl. oscillator from tho point of vk'w of lieiiuoncy stability has also been discussed. 
Jt has been shown, for example, that tho variation of the first losistuuee of t he three seel, ions 
gives maximum i>ercontago vaiiation of frequency 

J. ] NTTtODXJ TTl ON 

The 1100(1 of a warble ioiit^ goiierator in atjoustio moaRureinonts ih well known. 
Thus in nicasurciiKnit of rovorhorration liino of an .iiiditoriuni if a pure iono is 
sounclcKl it iw likt'ly that a numbor of normal modes will bo exoited. As a rosult, 
M'heii the sound source is turned off, tlie sound [iressnro at any point in tho audi- 
torium dcoa.ys in an irregular manner. iSiioh irrogiilariiios can 1)0 rodncod by 
using a warblo toim 

Hunt (193H) and Burger (1943) have described methods ol iirodiioing warble 
tones. Tlu^ former uso,s a rotating condenser which is ooimocted in parallel with 
the main capacitanct^ of an L—C circuit and this in turn varies the Iroqueiicy of 
tlie oscillator circuit. Tlu^ latter, liowevcn, uses a multivibrator for generating 
a sawtooth wave which is then am])lifi(id by a valve whose average jilate current 
also s(uves to magiuitize the core of a variable reactor which is connected to it.s 
filate. This variable reactor, in jiarallel Avith condensers connected across it, forms 
a h‘e(j[uency modulated oscillator circuit. In Hunt’s method one has to use a 
lucc’hamcally rotating part which, from the jioint of view of operation, is not quite 
convenient. Burger’s method of producing warble tone is, on the other hand, 
very round about. In the following is described a new type of warble tone gene- 
rator whicli is very simjde in design and at the same time avoids all mechanically 
rotating parts. 

2. PRINCIPLE OE THE NEW GENERATOR 

The circuit of the new warble tone generator is shown in figure 1. It re- 
presents a eoiiventional phase shift oscillator [Ginzton and Hollingsworth 1941,] 
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With three sectiojis of resistance cajiacitaiioe networks at the output of the 6AC7 
oscillator tube. The piate load Rj^ is chosen to be low so that the 6 ACT plate 
voltage IB exactly 180" out of phase with regard to its grid voltage. The additional 



Fjg. 1 . Cii’ouii diagram of tho warblo tono generator. 


180° pliase shift for o.scillatioiis to oc(;ur is provided b 3 ^ the U~(' sections as usual. 
The ()J5jtriode acts as a variable resistance tube w^hich is elfectively connected in 
shunt with the resistance on its plate. The variation of this rosistaiice gives 180“ 
phase shift in the network at (Ufforciit frequencies and tJius the osc-ilJator frecpioncy 
changes. The degree and speed of frequoiic.y modulation depends respectively 
upon the voltage and frequency applied at the grid of the modulation tube GJ5. 
This voltage is supplied from a similar low Irequency phase shift oscillator. 

In the circuit of figure 1 the fii’st resistance of the throe R-C sections was 
varied because this gives maximum frequency modulation. Considering the 
simiilifiod circuit as given m figure 2., we can write 


C, Ca Cb 



Fig. 2, Phase shifting network 
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[s'] -™[[ 

where [Z] = matrix of the transformation. 

-ij, -n, 

0 -S, 



r h 1 

r 1 

Ol , 

i. 

= 0 


L ».i J 

_ 0 _ 


where, [Z|-^ = inverse matrix of \Z\ 
Tf \Z\ = network determinant, 


?■ ^ J SiEiR ^ 

I 

or, transfer fimetion T ^ -»-» = 

^1 |ZJ 


It’cn oseillation to take place, phase shift in the network must ecpial n, 
condition is satisfied if the imaginary part of \Z\ vanishes. 


Or, 


Jl_ (jK 2„_ J _\ , .^i(A±/^3WJ_ I * \ 

coH\gJ^ o > \( 7 i ^ cj 


coC'] tor's 


This gives, 

J' _ CO 1 _ 

27rAu/ / '^1-^2+ -^2-^3 + -^3^1 I E^E,^ \ p iTf ^ 

C\ + 

Now, if Cl = Cg = ^3 == G, 

f= ^ — 

27rCV3JKji22+2iif7iJ34 A 


■ ( 1 ) 
This 


... (21 


... ( 3 ) 
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Fr(jm Ihm expression we sec that when the three resistances are of the same 
nominal value and one of them is varied, the change in frequency of oscillation is 
maximum due t(» variation of R^. tf, therefore, good frequency stability is 
required, greatest attention should be given to On the other hand, if large 
variation in frequency is wanted by varying one of the three resistances it is 
which should be made to vary by the modulating signal. 

If, furthermore R,^=R^ = R, the expression for / becomes, 

/= ... ( 4 ) 

K 

This IB the frequency which holds in our set up. 


3 RESULTS 

The results of static modulation characteristics of the main oscillator are g'lvei- 
in Table I and arc plotted in figure 


eta 
3375 675 13 'jO 

32.5 6 S 0 aoo 


300 600 1200 


2 275 550 1100 


250 500 1000 


225 450 000 



I I I I I I I L 

45 30 55 60 63 70 75 60 

.►MODULATOR BtA 5 (VOLTS, -ve) 


Fig. 3. Static characteristics of the wjxrblo tone generator, 
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TABLE I 



Frequency of oscillator (c/s) 

(Volts, -VE) 

7? .60K a 

a = 1 KPF 

E - r^^)K n 
C = 2 KPF 

R = 50Jv il 
a ^ 4 KPF 

4.6 

1220 

600 

330 

6.0 

1180 

680 

320 

5 4 

1140 

56.6 

31.6 

6.8 

1110 

6.60 

305 

6.2 

1080 

530 

295 

6 6 

1040 

.615 

28.6 

7.0 

1000 

49.6 

280 

7 4 

970 

475 

270 


Tt ip to be noted that the shunt resistances of tlie Ud poetions have been 
ke])l fixed and the senes capacitances only have })een changed for obtaining rbf- 
ferent centre frequencies, because otherwise both the degree and linearity of 
niodulation would be affected as seen from eqn (4). 

Tt IS seen from the above table that linear frequency variation is obtained 
up to about :h 12% of the centre frequency. With further increase in deviation, 
liowover, the amjihtude changes— the smaller the bias the smaller is the resistance 
(iJf), and lower is the amplitude of oscillation. The amplitude modulation has been 
found to be quite small over a range of about bl2% of the centre frcqueiniy 

For effective ineasui emoiit of rcvorberration time o1 an auditorium the 
warlile tone is generally Irequoncy-inodulated to about 10% of t he centre fre- 
(jucncy. Further, as pointed out by Hunt (1933), tlie ratio of twice the maximum 
frequency deviation from the mean frequency to the modulating frequenuy should 
exceed 3, This meant, that the modulating frequency should be less than one- 
lifteeiilh of the oscillator moan frequency If the lowest mean frequency be 
100 c/s, Jm should not exceed 7 and, therefore, if the 1 f oscillator is designed for a 
frequency of 7 c/s. all the requirements are fulfilled. 
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HIGH ENERGY NEUTRON-PROTON SCATTERING 
WITH SPIN-ORBIT INTERACTION. 

H. N. YADAV AND L. S. SINGH* 

UNivifliiBiTy Department op Phybics, Patna LTniveksity, Patna 
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ABSTRACT 'J’ho angular distribution and total cross soctiona have boon calculated 
for high energy n--p HCHttoring in the enorgy-raiigo 83-415 Mov (laboratory systom). The 
interaction considered is of a syinmotncal type with s}un-orbit and tensor force in the trijilot 
stiitea. Yukawa potential has been used with ranges 1.18x10-1“ cm. and l.60xl0~i“ cm. 
in the singlet and ti'iplot states rospeotivoly. The parameters of the potential arej fitted to 
explain the low energy scattering cross section and the properties of the deutewin. The 
calculated high-energy cross sool/ions are, as usual, large The symmetrical meson theory 
with tensor force and spin-orbit interaction does not seem to be capable of explaining the 
high-enorgy scattering data. \ 

1. IN TROD UCT I 0 1^ ' 

The theoretical investigations of high energy n -p scattering with iion-ccnti’al 
interaction have been carried out by a number of workers [Ashkin and Wu, (1948), 
Massey, Burhop and Hu (1948) Hsu and Hu (1948), Hisenstein and Rohrlich 
(1948), Burhop and Yadav (1948, 1949), Yadav (1952), Oastillejo and Rjchardson 
(1949), Jastrow (1950, J951)J. The calculated cross section is too^large compared 
with the experimental results. More recently, Gammel and Thaler (1956), Wor- 
theim, Hull and Saperstem (1956) and Christian, Gammel and Thaler (1957) have 
performed calculations with phenomenological nucleon -nucleon potential, hut the 
results are, as usual, far from satisfactory. 

In vieu' of the present circumstancos, it is interesting to see the effect of a 
velocity dependent force (such as a spin orbit force) in the nuclcon-uucleoii inter 
action. Case and Pais (1950) were the first to consider the spin-orbit term of the 
typo B.S., where L is the orbital angular momentum vector and S the spin vector 
for the two-nuclooii system. They used Born approximation to fit the 32 Mev 
and 350 Mov scattormg data using a highly singular radial dependence of potential 
with L. S. term. But it has been shown by Swanson (1953) that Born approxi- 
mation gives unreliable results with singular potentials even at very high energy 
However, the qualitative conclusion of Case and Pais is that L.S. term givet pre 
feronce to 90° scattering (in the ceiitre-of-mass system), which is exactly what 
is wanted to oxjilam the scattering data. Also Goldfarb and Feldman (1952) 

* Now at iho Physios Dejiartmenl, Uuivoraity College, Loiidun. 
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have shown that only L. S. interaction in triplet odd states is incapable of explain- 
ing the experimental p— p scattering data. 

As no exact calculations -with L.S. term in the nucleon-intoraotioix are avail- 
able since the Born approximation estimate of Case and Pais (1960), the investi- 
gation of L. 8. potential in high energy nucleon-nucleon scattering deserves further 
study. Consequently, it was considered worthwhile to undertake the exact 
calculations with tensor force and spin-orbit term in the triplet interaction with 
exchange properties given by symmetrical meson theory. Since the present 
work began, Chnuma and Feldman (1966) made a phase-shift analysis of the ex- 
perimental cross sections ai. 150 Mev and their conclusion is that almost every 
sett of acceptable phase-shifts favours the inclusion of spin-orbit potential. The 
existence of spin-orbit potential in nucleon-nucleon interaction is also supported 
hy the work of Wolfenstein (1956) and also from the success of the shell model 
for complex nuclei. 

The results obtained in the present attempt are large as usual, and possibly 
ibe spin-orbit term (along with tensor force), used with conventional potentials 
(spherical, Gaussian, exponential, Yukawa) is not enough to explain the scattering 
(lata. Also the symmetrical theory gives too much backward scattering {0 = 
180°) which is not in agreement with experiment except at very high energy 
!=- :i09 Mev. Calculations were performed in the energy range 83 to 416 Mev 
(lab. system). 

2. THE INTERACTION POTENTIAL 

(i) Triplet states : The interaction potential with exchange properties 
as given by symmetrical meson theory was chosen as it has boon found to fit the 
experimental data better [Hsu and Hu (1949), Christian (1952) j. The potential 
taken is of the form 

= |j K.<r,+ 3)+«r.V„H-ff((r,.<T,-l)+uaL.S|t.(r/r„) ... (1) 


where and CTg are the spin-vector operators, Tj, t.^ the corresponding isotopic 
spin operators and r the relative position vector for the two particles. is the 


3 

tensor force operator and is equal to {((Tj . r)(o '2 . r)} — Cj . (Tg, a, y, g, oc are dimen- 
sionless constants and vir/r^) is a function that defines the radial dependence of 


potential of range ro; L. S is the spin-orbit force introduced in the interaction, 
L is the orbital angular momentum and S the spin vector for the two-nucleon 
system. Assuming the radial dependence of potential to be of' Yukawa type, the 


potentials for triplet even and odd states are respectively 
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=-S ... ( 3 ) 

where the triplet range rj, — 1 .60x 

All the constants wore ealculaterl to fit the low energy scattering ajul the proper- 
ties of the deuteronin the usual manner (Yadav, 1952 ; Hu and Massey, 1949). 
The values obtained are 


1.816 ; 


: 0.756 , 


a -=—0.603. 


Z)-state admixture for the ground state of the deuteron = 3.16% 
(ii) Single states — The singlet i)otential is 




-► E-rlu 
Mr\ r/r. 


( 4 ) 


which for oven and odd states become respectively 




even 


g-r/r, 
^ rjrg 


( 5 ) 


odd — ^^even (6) 

This is taken from the calculations of Hsu and Hu (1949) and Breit etal, (1052). 
The constants are, l.lSx 10 *® cm., and g — 1.575 and fit the results of low 
energy n~p and p— p scattering correctly. , 


3. 'I’ H E O R Y O F C A L C U L A 'V I O N 

(i) Triplet states The phase-shifts for the coupled states ®/S\ and 
and for uncoupled states and were calculated liom the exact solutions 

of the radial wave equations obtauied by numerical integration by Gauss and 
Jackson method [Jeffreys and Jeffreys, 1946] The phases for higher angular 
momentum states, being very small, wore taken into account by Born approxi- 
mation. The procedure followed in brief is given below. 

Tntroducmg the potential (2) in Schroedingor’s equation for the two-body 
system in the ceiitre-of-mass co-ordinates, ivo have 

w[?,r(i+r«,H-«L.S) = o ... (7) 

where the eigen value of the L. /f?. operator = ^{i/(J-|-1)-~L(Z/-1-1) — <S'(aS'+1)} 
J being the total angular momentum vector, J = L + S.. Putting the value of 
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the triplet state wave function (Hu and Masscj^ (1940) in (7), we get after some 
usual manipulations 

MJS 

where k^— r,^, and other notations are the same as in the paper referred t o 

above. Introducing the value of the equation for the triplet even state is 

{ ^ } fjJzL=-- ay<L\S^j.L'> 


+rta L. S fjJ,L' 


r/r„ 


(9) 


where the matrix elements < L | /SV, | L' — < F jj^j^ 1 /S',;, | Fjj^ > 

—2, for J — L, and all other matrix elements vanish. The differential equation 
for triplet even states for J — L, is 


[ dt^- ■' ■' V ] /,7J,L - 0 


( 10 ) 


where x — — 

And, for triplet odd states for J ~ L, the equation is the same as (10) with a 
replaced by — . 

Considering the ease for L -- J \ , <L\Si 2 \-Li'> has the following values 

<J-l|Sl2|d> =0. 

and the eigen value of L.S = J — 1. for L = J — 1. The right-hand side of (9) 
becomes 


= - ^ [^l+a(J_l)_2y- 


2J+i J 


^0“ 


X 


fjJz, J-f 1 


and the equation for triplet even states for L = J — 1^ becomes 
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+ 0«y 

^ ^ 2J+f T 


- ( 11 ) 


fort3t“o2i suL™ e^neaponding equatiou 

Finally, for L=J+J, L. g ^ ~(J+2), and 

has the following values 

<d^+l|fi'„|y+l> = - 2(J + 2) 

2j+r ■ 

<^+l|Si,|J> = 0. j 

<J+llS,.lJ-l > = gRJ+l) ]* \ 

2J+1 ■ I 

The right-hand side of (9) is \ 

~ *a r 1— a(J+2)— 2y 1!"^ f 
^0 *• 2ff-l- i I a: * i 

-ef-y 0.-* f 

2/-f“ '* 

and, we have the differential equation for oven states with L=J+1 

[£+*•- I H) 

and similar equation for odd states with « replaced by -a/3. 

(ii) Si'figlet states ; — 

Jn this case the equations are 


i-i-f 


H- y — w '= 0 


for even states . 


for odd states. 


-MI'-hl) 
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where kg^ = Vg^, x — rirg, and u = wave linirtion for the state in qu(=‘atiou; 
Vg — the range in singlet states — 1.18x10 eni. 

The equations for and ‘•^D^ states v^m e solved exactly, the 

method of obtaining the initial solution and the procedure lollowcd are outlined 
by Mott and Massey (1949). Similarly for the singlet and states 

exact solutions were performed. The phase shifts foi* the above-mentioned 
states were calculated. In order to take the higlioi' states into account by Born 
approximation, phases wore also calculated for the above states by Born approxi- 
mation following Ashkin and Wu (1948). The procedure for taking into account 
the higher angular momentum states has been given by one of us [Yadav, 1952]. 
The scattering cross sections were also calculated entirely by Born ajiproximation 
for comparison. The method of calculating the matrix clemeiits for scattering 
amplitudes in Born approximation is well laiown [Burhop and Yadav, 1949 ; 
Askhin and Wu, 1948] and will not be given here. 

4. R E 8 U h T S 

The phases are given in radians in Table T, and tin angular distribution in 
l()-2o cm.®/storad. m Table 11. The real and imaginary parts of ihc triplet 
coupled phases satisfied the relations given by ilarita and Schwinger (1949). 

In the table, A stands for — and B for 2iS where a/ — exact phases, 
and S = phases calculated by Born approximation, m = magnetic quantum 
number = 0, .-t: 1. 

TABLE I 

(a) Triplet coupled phases for states ^/S^i and 


3*Si 


Enorgy 
in Mov. 

?» == ±1 

m — 0 

m ^ ± 1 

m -=^ 0 

A. 

-1.604+0.860^ 

— 1 418 + 0.784?. 

- 0.15J+0 204i 

H 0.034-1-0 188? 

83 





B. 

+ I.l64t 

+ 1 799t 

-0.131? 

H 0.496? 

A. 

— 1 253 + 1.0261 

-1 012+0. 876i 

-0.208 1-0.374? 

+ 0 032 + 0. 225?' 

Itt6 




B. 

+ ] 083» 

bl.68fli 

+ 0 078i 

+ 0 520? 

A. 

-1 051+1.053?; 

-0 791+0 B66i 

-0 234+0 435? 

+ 0.029 1-0.237? 

249 




B. 

+ 1.032^ 

+ 1 335i 

+ 0.206? 

+ 0.508? 

A. 

.332 

-0.916 1-1. 047^^ 

— 0.649+0. 818t 

-0.245-1-0.470? 

+ 0 022 + 0.240? 

B. 

+ 0.9931 

+rT94i 

^oT29’6?~ 

+ 0.491? 

A. 

415 

B. 

-0.818+1.0321 

-0.549+0.778? 

-0.251+0.496? 

+ 0.020+0.242? 

+ 0.963j 

+ 1 086? 

+ 0.349? 

+ 0.472? 
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TABLE I {contd.) 

(b). Triplet uncoupled phases: 


Energy 
in Mev. 

PhaseH 

'‘Po 

"Pi 



V (exact) 

+ 0 130 

-0.180 

+ 0 602 

83 

8 (Born) 

H-0.069 

-0 263 

+0.344 


V 

+ 0.119 

-0.224 

+ 0.644 

166 

8 

+ 0.076 

-0 286 

+ 0 448 


V 

+ 0.111 

-0.236 

+ 0.666 

249 

S 

+ 0 075 

—0.286 

+ 0.489 


V 

+ 0.106 

-0.241 

-i- 0.660 

332 

8 

+ 0.074 

-0 283 

-f 0.509 


V 

+ 0.101 

-0.240 

+ 0.643 

415 

8 

+ 0 073 

-0 278 

+ 0.618 


(c). Singlet phases 

Energy 
m Mev. 

Phases 

^So 

iPi 



V (exact) 

1-0 771 

-0.346 

4 0.314 

83 

8 (Born) 

-1-0 628 

— 0.669 

4-0 066 


V 

+ 0 665 

-0 486 

-1 0 272 

166 

8 

+ 0.689 

-0.669 

4-0 100 


V 

+ 0.604 

-0.543 

4-0.263 

249 

8 

+ 0.654 

-0.704 

+ 0.117 


V 

+ 0 663 

-0.674 

4 0.254 

332 

8 

+ 0.626 

-04716 

+ 0 128 


V 

4 0.631 

-0.691 

+ 0.248 

415 

8 

+ 0 602 

-0.718 

+0.134 
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TABLE II 

(a) Exact differential cross section ( t ( 0 ) m 2 sterad. {0 ^ angle of scat- 

tering in the centre-of-mass system). 


\ Energy 
g X^mMov, 

83 

166 

249 

332 

415 

0 

3.484 

3.171 

3.199 

3 . 268 

3 . 341 

15 

2.794 

1.738 

1.419 

1.362 

1 . 267 

30 

2.066 

1 041 

0.695 

0.507 

0 392 

60 

0.861 

0.349 

0.201 

0.134 

0.098 

00 

0.630 

0.234 

0 130 

0.084 

0.060 

120 

1.067 

0.471 

0.276 

0 184 

0.128 

150 

4.179 

2.572 

1.828 

1.375 

1 . 079 

165 

6.684 

5.656 

5.421 

5.205 

4.960 

180 

7 472 

6.215 

5 . 972 

5.890 

5 . 875 


(b) Born differentia] cro-ss sections 

\ Energy 83 

166 

249 

332 

415 

0 

3.558 

3.791 

3 892 

3 960 

3.987 

15 

1.295 

1 274 

1.275 

1 . 250 

1 . 204 

30 

0 783 

0.522 

0..383 

0.295 

0.234 

60 

0.303 

0.120 

0.067 

0.043 

0 031 

90 

0.380 

0.146 

0.079 

0 050 

0.0.35 

120 

0.973 

0.450 

0.265 

0 177 

0.113 

150 

3.305 

2.335 

1.727 

1 . 328 

1 . 054 

165 

5 344 

5.376 

5 354 

5.218 

5 001 

180 

6.043 

6.132 

6.171 

6.192 

6.200 
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(c) Total 

collision 

cross sections 

(in 10"2® cm.^/sterad). 

Energy 
in Mt)v. 

Exact 

Born 

Exponmentul 

Reforonces 

8.S 

19.:i4 

12.99 

8 3 

Cook et al. (1947, 1949); Hadley et al. 
(1948, 1949); Dejuion (1950); Wallace 
(1951); Selovo et al. (1953); Chin 
(1954); 8tahl & Ramsay (1964); Chin 
and Powell (1957). 

106 

10.81 

8.59 

5.1 

Dejuren ot al. (1950, 1951); Randle 
et al. (1952); Taylor et al. (1961, 
1953). 

249 

8.10 

7.34 

3 9 

Punghor (1965); Dejuren (1950) a 
269 Mov. 

332 

0.39 

5.03 

3.6 

Panglior (1954, 1956) at 302^ Mev. t 

415 

5.04 

5 06 

3 3 

Nodzel (1953, 1964) at ilO Mov. 


Havt-zlor et al (1954) at 400 Mov 


5. DISCUSS r ON AND p O N 0 L U S J-0 N , . V • 

TJie calculated differential cross sections are much larger than the observed 
ones. The total cross sections obtained by Born ajiproxiniation is in bettor agree- 
ment with experiments than the exact one.s, but the former are unreliable and 
sometimes misleading It has been found that though the differential cross sec- 
tions do not differ markedly, the partial smglet and trijilot cross soistioiis ar^ not 
so. The singlet Born cross section crg{0) is lugher than the exact one, but opposite 
is the case for triplet cross sections (rir{0) and as such when and arc 

combined to give the differential cross section (t{0), an agreement is obtained. 
Moreover, the minimum m the cross section occurs near 60'" in Born approximation, 
while the exact calculation gives a mmimuni near 90° in agreement with experi- 
ments. Also the theoretical cross section is asymmetric about 90°, o'(7r)/<r(0) — 
2.1 — 1.8 111 the energy range 83 — 415 Mev. This asymmetry has been observed 
experimentally at high energy ^ 300 Mev by Pangher (1954, 1955) who found 
cr(7r)/(r(0) — 2 nearly This is m sharp contradiction to the predictions of the 
Serbei' potential which was invoked to offer an exijlanation for the deep minimum 
and the almost symmetry about 90° near 90 Mev, 

As the Yukawa potential gives the lowest cross sections (Burhop and Yadav, 
1949), the L.S term used with other conventional potentials (spherical, exponen- 
tial, and Gaussian) will give still larger values of cross section in disagreement 
with observed facts. 

It seems that possibly the analysis of the high energy data in terms of static 
potential is doomed to a failure. We know that in the energy-range considered 
here, mesons are produced m nucleon-nucleon colhsious and as such mesonic 
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structure of the nucleons may play a eignificaiit role m scattering. It is probable 
that the meson cloudy which surrounds the nucleons and which is responsible for 
interaction between the nucleons, is polarized in high energy collisions. This 
polarization of the meson cloud round the nucleon would bo expected to lead 
ji marked change m the apparent int-eraction (Sachs, 1955) which may affect 
the scattering resultb corsiderably. 
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abstract. An eloctronio differential Biialysor having sixteen operational amplifiers 
IB described. The analyser is specially designed for solving equations arising in coimoction 
with reaoareh works on circuit theory, servo-mechanism and electron trajectories. The 
analyser works both repetitively and non -repot itn^ely. Different sources of error of (he 
computer elements are also discussed Aocuracy of the solutions obtainable by the machine 
IS illustrated by some oxamplos 


INTRODUCTION 

111 the course of last ten years, electronii* diffcieutial analysers have come 
to be reeogiiiserl as useful tools for solving difforential oijnations with moflerate 
accuracy. (Jlagazinm et ah, 1947; Williams and llitson, 1947, Me Nee, 1949; 
Meneley and Moriil, 1963 ; Paul and Thomas, 1957, Biswas ct ah, 1955). In the 
jii'Gscnt jiajier is dosorihed an electronic difloreiitial analysei*, built witli a view 
to solving equations arising in conneetion with research work in caicuit theory, 
servo mechanisms and electron tra,iectorio.s. Very often interest is mainly 
centered on the qualitative rather than on the quantitative aspect of the solution. 
Hence in designing the computer emphasis was laid on low cost, moderate accuracy, 
case of construction and hexibility. 

The analyser can be used to sohm both linear and non-linoar equations. In 
the present paper only the linear coniputing elements are deseriber]. In the 
first pari of the paper, the different sources of error in the computing elements 
and the factors governing the choice of the tune scale of the computer are discussed. 
'I’lie actual hardware of the machine is described in part two. The accuracy 
obtainable by the machine is illustrated by examples. The non-linear compo- 
nents will be described in a paper to be published later 

PART J 

BASIC COMPUTING ELEMJ5NTS FOR SOLVING LINEAR 
DIFFERENTIAL EQUATIONS WITH CONSTANT 
COEFFICIENTS 

The basic computing elements required for solving linear differential equations 
with constant co-efficients are (1) adders, (2) integrators and (3) co-efficient set- 
ting potentiometers. Adders and integrators arc constructed with operational 
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amplifiers by the application ol feedback. The general arrangement of feed back 
in the operational amplifier is shown in figure 1. 7j^, ... are the input 

impedance elements and Zj is the feedback impedance element. Output voltage 



Fi(?. J— Operational amplifier with feedback. 

^out amplifier due to the input voltages E^, ...,E^ applied res|)ectively 

at the n input terminals is 




Operational amplifier is assumed to have ideal characteristics i.e. its gain, 
bandwidth and input impedance arc infinitely large, output impedance infinitesi- 
mally small, and it has no drift. 

When Zi ~ Z^ — ... Zn — Zf, invei’ted sum of the voltages 

applied at the different inputs. The operational amplifier with this feedback 
arrangement is said to act as an adder. 11, input is applied to only one terminal, 
it acts as an inverter. 

When Z^— Z.^— Zf^ — K (a resistance) ami Zy (i.r. the feedback 

impedance is due to a capacitance), Eq^i is the inverted sum of integrals of the 
inputs, scaled by CR. An operational ainidifier with this fcodbac'.k arrangement 
IS referred to as an integrator. 

A linear differentia] equation is solved by combining the adders and integra- 
tors to form a system whose response equation is the same as the equation to 
be solved. The coeflHcierits of the equation are set by potentiometers. 

Adder and Integrator errors. 

Rout adder or integrator deviate from the ideal value given by 

Eq(l). due to, 

(1) non-ideal behaviour of the operational amplifier, 

(2) inaccuracy of the feedback and input network elements. 

A practical amplifier has always a finite value of gain, bandwidth, input 
impedance or output impedance and also a finite drift. The exact equivalent 
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circuit for the operational amplifier together with the network elements is shown 
ill figure 2 (Me. Donald, 19/50) 



Fig. 2 — Equivalent uirouit of tho operational nmplifiei with feedback. 


Now, 


^nut — 




1 _ 1 | 1 +?/...+ 

A'l Z, ^ Zj Z^ . 


whore 


A' = A . 


Z' 

r-1- Z' 


Z' = 


Zj^ X Z" 


Z" = Zf -\- 


1 

^ i 

‘■-1 z , 


A — the gain of the amplifier, 

Z^„ = the amplifier input impedance. 
r = the amplifier output impedance. 

Zj^ — load impedance tormina ting the amplifier 

ig is a (constant current generator to represent tho drift due to grid current. 

is a (!onstant voltage generator, with an output voltage to represent 
the drift due to supply voltage variations, filament supyjly variations, 
contact p.d., amplifier parameter variations etc 


If 


Zi — Z^ ... - - Zu — Zq 


where, 


-|- -^2 ■■■ + + rT 1 

L Z/ J 


1 

^1 



( 2 ) 


( 3 ) 
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A' ^ A ^ Z' = , 7j" = ZH- 

r+Z Zj,+ Z ^ n 


Thus, the effect of the non-idcal behaviour of the operational amplifier is to intro- 
duce the term in the denominator, and -f ^ ~l“ 

numerator. Error due to tlie former may bo called the response error while that 
duo to latter is called the drift error. 

Response error. 

1. Frequency response error ■ 

Let — I ^ 1 ( 01 ) I e- ^“^^j^ropresont the value of at any frequentiy w. j Substi- 


tuting this in Eqii. 2 


Bj 4- -^2 H~ ••• 4~ B„ + g 


[ I |«j CO. ilr+ 1^ J +j[ llj f + |^- j -(+) 


and j. y 7 1 

,.z.., + „[.+ |+ |.] ^ , 

Thus, differs from the ideal in both amplitude and phase. The deviation 
in the amplitude normalised by the ideal value is called the amjilitude error and 
the deviation in phase is the phase error. 


For an adder ^ — 1 and jjr = 0, Hence, the output voltage of the adder is 


B + - • J- B ^ + e 


The adder amplitude error, at any frequency w is 


€a (o) = 1- 


/ 1 2 


cos ^(w) 
|di(co]f 
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05 


Adder phase error S(j)a (to) is 


(w) = tan-1 . ^ ^ »111W“) ~ ^an-i 

Uj(u)| + cos ^(oi) 


For an integrator 

1 ^' 


_ siin6(to) 
i4i(co) 


z=L. t)cl{ = , a,) = and ijr — 7r/2 


r^f\ ao " CR 

Honoc output of the integrator is 

^OUL= ^-1 


COS 0(to) /to .sin0(to) \ 

'' l-di(to)l / 

Thus the integrator aniphtude error at any frequency eo in 


(5b) 


Vi .1. - ^ ^ “« 


iijid integrator phase error is 

to Slll0(to) 

TT , “ 0 _. l^l(fa>)[ 

^ 2 " COS ^/i(to) ~ \ 

HlU0(to)-| l>li(co) 


At frequencies for which 


AM\ 

< <r 1 


(6a) 


(6b) 


r V ^ 1 a^o 1 

a I 

while at frequencies for which 


, = -Ta 


_ ao_ 


^,(to) 


. , , _ sin (^(to) a„ cos 5^(10) 

TO)TioK 
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Now the impedance terminating the amplifier is either due to a potentiometer 
or the input resistance element of an adder or integrator. When is due to 
a potentiometer Z' — = Bp, Bp is the resistance of a potentiometer and 

Z R 

is assumed to bo small compared to Zt and — . Hence A' — A — . On the 

^ w r-^Bp 

other hand, when Zj^ is due to input resistance of an adder or integrator Zj^ = J?, 
B is the resislance connoctefl between the input terminal and grid of operational 


amplifier. 


So A’ = A 


B 

r-\rB 


In both the cases A is multiplied by a constant 


factor which is very near niiity. 

is the input impedance of the opeiational amplifier and can be written as 


I 1 


Bin Cm being the input resistance and capacitance of 


the operational amplifier. 

Hence ^4^ is related to A by the relations 

A,= ^ 

»+J \-^ +pRO„ 


(for adder) 


\ 

... (7a) 


_ . (for integrator) ... (7b) 


If the operational amplifier is a low pass one, l-4(o))| decreases with iiicroase 
of frequency. Hence the largest error in the adder occurs at the highest oporatmg 
frequency. A measure of the frequency response error of the adder c.an be ob- 
tained by knowing the highest frequency co at which the ainiilitude error is Ga % 
and denoted by coa(6). The integrator error, however, increases both at high 
and low frequencies. If |^(cii)| does not decrease very rapidly, the largest error 
in the integrator occurs at the lowest operating frequomjy. A measure of the 
integrator frequency error can be obtained by knowing the lowest frequency at 
which the integrator amplitude error is e, % and denoted by cOi(e). 

2. Time Response Error : 

Adder error. A unit step applied to one of the inputs of the adder should 
ideally give at its output a unit step. But due to imperfection of the operational 
amplifier the output is different from a unit step. Determination of the actual 
output requires an exact knowledge of the frequency response characteristics of the 
operational amplifier. For a multistage, high gain d.c. amplifier exact frequency 
response characteristic is difficult to determine. However, in order that the adder 
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lye stable it is necessary that |j4j(cij)| bo less than 1 when approaches 180*’. 
This is ensured by so designing the operational amplifier that can be taken 
io have effectively two poles. One of the poles being due to the mput networks, 
operational ampMer contributes a smgle pole (say at a^). 

Thus can be written as 

.4,, is the d.o. gain of the operational amplifier. 


Tlicn, output of the adder Eq^i duetto a umt step is as given below : 

2 

Case I: When (Ao+IK “i < ( 

ai', a/ are the roots of the equation. 

P’H-(aa4-«^i)/>4-(^io hlKai -- 0 
2 

Case II : When (-^w+l) «„«! -- ) 

=- WdL (i+KH-.)*}] 

Case III : When (^io+ 1 )^aP^x > | ^ j 


E ^10 r 1— V(AoH- 

^,0+1 " 


Ott+ «l , 

/> r 


[ V(A.+lK-r.-(““+“‘f 

sin||-^ (^lo+lKai— 

V(AoTiKaT-^^ 


7 
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In all the three eases for large values of i, = — 


^10+1 


Hence addoi 


time response error for large values of < is 


t„(large) = ?^- = ... (9a) 

“^10 -^0 

For small values of t, however, the error is much larger and the machine solution 
for small values of time has to be neglected. A measure of this small time error 
can be obtained by determining the error time, defined as the time ineasurmg 
from zero after which the error is less than twice the large time error. Adder 
error time for the three cases can be obtamed from 


Case 1 . 

Case 11 : 

Case III : 


1 


hi 


1 


If p> 


CL^ €a (large) 
(large) 


L ~ -J In - 

“a I «l f-o (Ittl'ge) 



Integrator Error. 

The integrator should give a voltage Eg„f — = aj. at its output ivlieii 

a unit step is applied to one of its inputs (other i .puts being |!;rounded). 


Now, for an integrator 


A =- ^10*, “i 

‘ (?'-| «.)(?+ “i) 


where 


— 




(10a) 


' ij(o+(7;„) 


(lOb) 


Hence on neglecting small order terms, since it can be assumed that 


^out — -^lo 


) ai-fai^4a,(36i 

\ Kq / 


+ 

1 

1 ®1^ 

a„ e ^ > 


A 1 AiqOC^ _|_i-\ 

ai 

1 " “o ) 
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Also, when 




Eout ^ 


“o t — I “O- /2— “^0 

^10 ' “^10 ' -^11 






Til us the integrator time response error is 

q(<) = 

ocot 


-Pt" «,-LJ V.' 

flt ‘ « \ a (I / 

^10 t\ AofL. 1-1 1 a, 
L 0^0 J 




H- 




-^10 (-^oH 

Tlie integrator error is, therefore, large both for small values and for large values 


ol tune For large values of t, (largo) : 


oed 


( 13 ) 


T1 T is the operation- time of the machine i.(t. the time for vdiioh the solution is 


OL T 

ohsorved then (large) == 

•^10 

Eri'oi’ lime of the integrator is obtained from 


— (-^0+ A)“i^) 

^0 I ^ 

^jo ' (^oH-l)a/. 


= (large) 


(14) 


... (15) 


Drift Error. 

It IS seen from equation (2), that the effect of drift of the amplifier is to add a 


[ Z Z ~\ 

»i~|- -f- 5- to one input of the adder or integrator. 

Zf -1 


111 an adder the total drift error when referred to the inputs is thus 

Pjj; IS assumed to vary slowly with time. Drift error for the integrator 
rol'erred to the input is R^g-\-{n-\-R|R^J^)e^. The actual error in the output de- 
pends on the nature of variation of ig and with time. 


Component Error. 

Ill deducing Eq.(2) it was assumed that = Zj — ... = = Zq. When 

these impedances are due to elements whose value is accurate to within a%, 
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in adding an input voltage an error of 2a% may be committed in the adder. Also 
the integrator equation was deduced assuming Zj to be due to a loss-less condenser. 
However, condensers which are used have a finite loss which can be represented 
by assuming a resistance to be present in parallel with the capacitance C. 

The integrator output is then 

^Out = -\-En + c] ^ 'to 

POR-I+I 

Hence the frequency response equations modify to 

e-iw) = ^ ^ 1 . ^0 , I ao® (R \ V 

^ iv^ MiHl w\A^{w)\ “^2 \rJ \ Mw)\ R^ 

and 




_ cos 4 - .4.1 (^) I 


and 


- +Rin9i(«^) 
“o 

The time response error equations are 

tj(largo) = T. 

10 


-f- 




e (largo) 


Effect of the condenser leakage is to increase the error in the integrator 
low frequency response and also iiicroasiiig the value of (large), for the same 
operation time. 


Characteristicfi of ths operational amplifier 

The measured frequency response characteristics of the operational amplifier 
are given in figure 3 The operational amplifier has a d.c. gain of 12000, and the 



Fig. 3 — Froquoncy reaponso oharaotonstio of tho operational amplifier. 

first pole is at 30 c/s. Input capacitance is less than lOpl Output impedanre 
is 600 ohm. In or that the output impedance should not contribute a fraction 
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of the adding resistance by more than 0.1%, the adder resistors should be made 
greater than 600K Cl. A value of iJlf was hence chosen, Tii the following 
Table I is given the values of the adder and integrator errors calculated from 
the above data : 

TABLE T 


Adder Errors 

No. of inputs 

Used as scaler with scaling 
factor 


n = 1 

2 

5 10 

The highest frequency at 
which amplitude error 




] ) loss than 0.1 % 

Wa(-l) 


100 c/s 

40 c/s 26 o/s 

2) loss than 1 % 
wa(l) 

1.6ko/s 1 kc/s 

0 8 Icc/a 1 kc/s 

0 0 ko/s .SOO c/a 

Large time error 

015% 026% 

03% 025% 

.or.% ,1% 

Adder error time 

less than 10 M sec. 


Integrator error 


No. of inputs 


n = 1 

n — 2 

n. = 3 

The lowest Irequonoy at 
which the amplitude 
error is 

1) loss than 0.1% 

cod.l) 

.Ofl oorad/floc 

.16 a„rad/Hec 

.25 aoi'ad/sec 

2) less than 1 % 

S(l) 

008 a„rad/soo 

.016 fforarl/sec 

.025 B„rad/see 

Largo time error in % 
(Operation time T) 

. OOSoflT 

.016a„T 

0 2BttoT 


Choice of the Computer Time scale 

The above table has been prepared with a view to choosing the proper value 
It is seen that if the adders are required to scale by a factor of 10, the highest 
oscillation frequency of the system should bo kept lower than 25 c/s. On the other 

hand, the lowest oscillation frequency co should be such that - is greater than .26. 

Thus, to handle equations having characteristic frequencies, such that the ratio of 
the highest to lowest characteristic frequency is less than 100, has to be chosen 
to be equal to 6 rad/sec in order to ensure that the amplitude errors at the 
highest and lowest oscillation frequencies are less than .1 %. The required value 
of the integrator capacitor works out to lj6/iF. It should be noted that, when 
preparing a problem, it should be so arranged, that the lowest oscillation fre- 
quency is greater than .2daQ and the highest less than 26 c/s. 
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PART II 

^1' H E A N A L Y S E K 

General Ve,scription. 

There are 10 0 ])erational amplifiers, four in one ehasis, arranged as shown 
in the figure 4. Eight operational amplifiers arc arranged ti ork as adders 
and eight as integrators, 



Eig 4. A photograph of tho oloctromc diffoiumiial analyser. ^ 

There arc pi ovisioiis for tlu'cc inputs and two outputs of the addci's through 
jack. The input resistors and feedback resistors, matched to within 0.1% are 
wired in the chassis. But the feedback resistors can be disconnected from the 
input of the operational amplifier by disconnecting an external link between 
terminals numbered 2 and 3 in figure 5. Access to the input and tho output of 


4 



the operational amplifier is provided by tenxiinals 1 and 2 respectively. The 
-arrangement enables one to replace the feedback resistor by another fixed resistor 
or potentiometer, or to connect input to the adder through any other resistor. 
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The integrator input resistors are also wired in the rhaspis. Each integrator 
Jias provisions lor three inputs. Integrator cai)acitors are arranged in a different 
pannel. The integrator capacitors and resistors are matched to make the time 
constant of all the integrator ccpial to within .1%. Initial conditions are set 
in the machine by charging the integrator capacitors. Integrator circuit arrange- 
ment is shown in the figure 6. In the reset position the input of the operational 
amplifier is connected to terminal 2 and the integrator condenser is charged to the 

INTEGRATO/i PANE! 



potential sot by initial condition potoiitio motor In the I’omjiuto position the 
input of the operational amplifier is connected to the conimon terminal of the input 
I'csistors. The terminals of the integrator are connecteil by external links to the 
initial condition panel torniinals. 

Switching of input between the terminals 1 and 2 is done by a relay, the 
arrangement of which is shown m figure 7. llclay 1 and relay 2 provide the eight 
one pole two-way contacts rocpiired for the 8 integrators. In the reset condition 



Fig. 7. Compute-resot relay circuit. 


the relays are energised and while in the compute condition they are de-energised. 
Relay 3 makes the compute condition repetitive. The driving cheuit for relay 
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3 is shown in figure 8. The repetition rate is determined by a multivibrator and 
can be set to 1 c/s, 0.5 c/s, 0.1 c/s. The computer is made repetitive or single 
shot by the one-shot-repetitive switch. 



Fig. 8. Time base, marker and relay 3 driving circuit. \ 

Coefficients arc sot by helipot potentiometers of 0.1% accuracy with loading 
error correction. The machine solution can be viewed in meters or in an oscil- 
loscope having long j)ersistance tube. For one-shot operation, the oscilloscope 
time base is worked on single shot while for repetitive operation the time base 
is supplied by the relay 3 driving circuit. The time is marked by time markers 
generated by a pulsed audio oaidllator. Permanent record of the solution at 
present is made by photographing the oscilloscope output. 

The values of the solution at different times are measured by an arrangement 
shown in figure 9. During the reset cycle inputs to the adder are disconnected 
by relays and the oscilloscope line indicates the zero level of its output. The value 
of the solution at any time is measured by adding to the solution a voltage which 



Fig. 9. A circuit for measuring the values of the solution at different times. 

makes the oscilloscope spot coincide with the zero line at that time. With an 
amplifior gain of 100, the zero can bo dLslinguished to within 10 mv. Also the 
voltage added being set by a helipot potentiometer can be measured to within 
0 . 1 % 
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Illustrative solutions. 

Til the following tables are given the solutions of throe pi'oblemB as oblauiecl 
by the analyser. 

In Table 11 is given percentage overshoot for different values of b iii the 
equation, 

3p function. 

TABLE JI 


% Ovorshooi 



Calciilatod 

value 

Bxpevimentally 
obtained value 

1 

16 33 

16 3 

84.T 

23.10 

22 8 

.084 

31 . 86 

31,7 

.r.l8 

43.10 

43 0 

.347 

57.60 

57.4 

.174 

75.96 

75 7 

0 

100.00 

99.7 


Table 111 gives the measured overshoot and rise time for Butterworth func- 
tioii.s up to the sixth order. Figure 10 gives the response of the Butterworth 
luiictions due to a unit step. 



Fig. 10. ISi.ep responso 


of Butterworth iunoiion of different orders, 



106 


A. K, Choudhury and B, E, Nag 


TABLE ITT 


Oi’doi’ of tho 
fimotion 

% Overshoot 

C’alculaiod 

value 

fixpun m entally 
obtained value 

2 

4 

4.1 

4 

10.9 

10.5 

6 

14 3 

14.0 


In Table TV is given the different eombinations of the vahies of ,the coeffi- 


cients in the equation 




which make the solution a continuous oscillatory function. 

TABLE IV 


a 

b 

r 


Calculated value 
for maintamed 
oscillation 

Exporimoiital 
value fpr 
luamtaiiiud 
oscdlatioii 

3.00 

2.00 

6 00 

0.00 

3 . 00 

3 00 

9 00 

S 99 

3 00 

4.00 

12.00 

12.02 

3.00 

5.00 

15.00 

14.99 


It may be noted that the above equations wore taken as representative of the 
typos of ecpiations that will be met with in practice. The results obtained indicate 
that whatever be the errors in the individual computing elements, the overall 
solution is accurate eiiotigh for practicjal purposes. 

In order to illustrate the use of the differential 'analyser in solving electron 
trajectory problems, the motion of an electron when uijected into a region con- 
taining a uniform elechric field in the jy-direction and a uniform mageiitic field in 
the Z-direction, is eonsidereej.. The equations of motion of the electron can be 
written as 


coy 
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where 




and a — 


eX 


e, m, X and H have their usual meaning. 


11 . 


The set up of the computer for solving the above ecpiations is shown in figure 
Evidently, co is equal to IjCR and a is set by the magnitude of the input 



Fig. 11. Set up of tho eomputor for obtamitig tlie olociron trajootory in 
croaaod uniform oloctrio and magnetic field. 


voltage. Photographs of the trajectories for difforoiit initial velocities of the 
electron as obtained by the computer are given in figure 12. 



Fig. 1‘1. 


(a) 


(M 


Photographs of the electron trajectory an obtaiiKKl by the 


ooiiiynit-er. 


a) r = V = 0 

b) .c — 0 y — yo 


] 


at f — a 


CONCLUDING REMARKS 

In solving a practical problem m circuit theory, servo-mechanism etc. with 
tho differential analyser, tho percentage overshoot, rise time and stability condi- 
tions are tho important results that one is usually interested m. All differential 
analysers are such that the solutions obtained with them are accurate only 
over a certain range of values of time or frequency. But, by properly chosing the 
time scale of the computer, one can determine the overshoot, rise time or stability 
with sufficient accuracy. 
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ON LINEAR DELAYED CONTROL SYSTEMS. 
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abstract. Id this paiior the problem ol stability of delayed control systems has been 
studied. Tho looation of the roots of some characteristic equations which can bo considered 
u,s the sum of a rational function and a transcendental function has boon discussed. Results 
are derived regardmg stability of systems havmg the characteiistic equation 

IL is shown that by the application of simiile grajilncal methods, viz., tho dual loci technique 
and the dual Nyquist diagram, the location of the roots can bo rapidly determined and informa- 
tion regarding stability readily obtained. 

INTRODUCTION 

In a feedback control system it is required that tho controlled condition 
should settle to the desired value after any disturbance to which tho system may 
be subjected. It is the aim of a good control design to keep the deviation ol the 
controlled condition to a minimum and bring it to tho desired value as quickly 
as possible. 

One of the most important factors govornmg tho control performance is tho 
fact that the full effect of any corrective action is not immediately lelt. The 
delay in responso assumes disturbing proportions in systems employing pneumatic, 
thermal and hydraulic elements. This lag is due to the finite velocity of the physi- 
cal entifcies-pressure, or heat or mass, travelling around the loop and bears close 
analogy to delays in distributed parameter electrical circuits. The presence of the 
lag gives rise to special problems m respect ot stability and time response ; the 
characteristic equation becomes a transcendental one and instantaneous res- 
ponse to a command is an impossibility. 

The present author has examined in some details the problem of stability and 
time response of delayed control systems. In this Part I of the papei , tho results 
of the study of stability only of certain simple systems of frequent occurrence 
have been discussed. The location of the roots of some chaiactoristic equations 
are first considered, tho principal aim being to find out the regions in the complex 
frequency plane where the roots with positive real parts will first appear, as t e 
delay or the magnitude of the delayed term is varied. Analytical and graphical 
methods are then formulated to derive results regarding stability of certain systems. 

109 
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1. Properties of the roots of the characteristics equation 

We ehall first endeavour to indicate the properties on which the boundedness 
of the solution of the delayed control systems dex^ends and the regions on the com- 
XjIcx frequency ]jlane, where the roots of the characteristic equation with positive 
real j)arts may occur. We shall also compare the dead -time lag and distributive 
lag systems in respect of the location of the roots of the characteristic 
equation. 



O’) 

Fig 1. Blook diagram ol a procoss conO’ol Kystom 


The inimt-output relationshiii of the system of figure 1 (b) given by 

r G{p)L{'i))r _ rG{'p)Tj{p) 

R l-\-G{p) L{p) . rHfip) l+r6/(p) L{p) ’ 

if Hf{p) = 1. 

The ciharactorisf ic roots of the system are then obtained from the zeros of 


n, Putting = Hq{p), wc have 

G{p) G{p) 

H{p) = HQ{p)-\-re-^’{pf! re-^ 

^ rL{p) 

where Hq{p) is a ratio of two polynomials, i.e 

B(p) 


(la) 


... (lb) 


( 2 ) 


Lot n be the difference between the highest exponents of iV(p) and D{p) 
Putting p = o'+ito we have for a root of H{p) 


Aq{(T, 


* \or- 




V O'® 0'\ J 

2 


)*]■ 


(Ic) 


where Aq{o‘, co) and ^(o-, co) are the amplitudes and phase of Hq{p). Let the l oots 
of N{p) and D{p) bo bounded by the Ime tr = Cy to the right. Then if n > 0, 
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for a- > o-Q, ^o(a-, o) continuously incroasee with rr, while L((r, a) decreases. Thus 
the real parts of the rt)ots of H(p) are bounded abov e . On the other hand , if n < 0, 
Af,((r, o)) decreases with cr, and there is no upper bound of the roots of i/(p). We 
observe also that for values of tr smaller than the minimum of the real parts of 
the roots of N(p) and D(p) and ri > 0 (which will indeed be the commonest case) 
both Aoio" , to) and L(o- , to) increase. For large negative values of o' the amplitude 
equation for a dead lag system can be written as tt which re- 
duces to co^” = Hence at a root Pj + uo;;,, 

In a distributive lag system, for a given tr, sufficioutly removed from the poles 
and zeros of H^ip), A^{o-, to) increases with to, while L{<t, to) decreases. And hence 
the possible roots are clustered round the real axis. 

It is useful to note that a little removed from the rectangle containing the 
poles and zeros of H^ip), w) is a slowly varying uniform function, so that the 
separation of the roots along to of a pure lag system and along cr of a distributive 
lag system is approximately 27r. 

Let us now consider the equation H{p) = 0, inside the rectangle containing 
all the roots of N(p) and D{p) . We shall assume for convenionce and N{p) and D(p) 
are Hurwitz. (If they are not, we have only to shift the imaginary axis to the 
light and our arguments and results remain valid). It is easily seen that the roots 
with the largest cr occur near the minima of AQ{a', to) closest to the imaginary axis. 
For a system v'ith low pass properties, it is sufficient then to investigate the region 
near the origin in the p-plaiie. It is easy to observe that if A(cr, to) > r for all 
cij, there can be no roots of //(p) with non-negative real jiart. A root- (or a pair, 
if complex ) will occur in the neighbourhood of every zero, rr+^co, of //^(p) - 
i ;0 the right or to the left of it, depemling on the phase condition. 

An estimate of system performance can be obtained if the location of the 
first few I’oots in order of magnitude of the real part and the residues there at 
be known. It should be noted that the position of occun ence of the delay elements 
affects the values of the residues but not the position of the roots. It is not dif- 
ficult to find the region where the real roots, if any, will occur. The complex 
roots are, however, less easily located. A detailed treatment of this and other 
related topics will be found in what follows. 

2. Roots of some transcendental equahons 

We shall now consider some simple systems in respect of the location of the 
roots and stability. 

Consider first the equation p = c' e~^— — where c is real. Putting 
— p — Z u-\-iv, one has easily 


V cot {v-\-6) = u 


... (3a) 
... (3b) 
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It is easily verified that (i)tlio closed branch of 3(a) exists only for c < and 
(ii) the whole of the open branch of 3(a) lies to the right of its intersection with 
the real axis. (See figure 2 whore curves and A 2 correspond to 3(a) with c = 1 



(B) p cot = M. 


and 0.1 respectively and curves B to 3(b) for different values of d\. We note 
that the slope of the curve 3(a) \ 

dv _ . —u 

du V 

is finite except at w = ce^. Further, Eqris. 3(a) and 3(b) can be combined into 
, V cosec (u+(9) ^ ^ -r, 

log = V cot (v+v). For V > a, V cot {v-\-d) has a local, maximum 

at %v — sin {v-\-d), whereafter it uniformly decreases up to v = n—O ; while for 
V < 0, it uniformly increases, going to 00 at u = — (?. It is apparent that if c < 
e~^ there will be no roots except those 111 the interval —7t-\-0 < v <. Tr-\~0. Hence 
the condition that the roots of p = —Cg-P lie to the left of Re [p) = K 'm 

c < c*(v^+A;^)i (4) 

where is a root of v cot (?;+6^) ——k and —(7r+0) < v < n—d. 

The result (4) is directly applicable to cases where the characteristic poly- 
nomial is factorisable into terms of the form p—Cj.e~^. 

We now consider the equation p^ = c^e-^\^. This is reducible to p” = cV*^. 
The curves, the intersections of which give the location of the roots are 


® cot = U (5b) 

where m is any integer (for c < 0, replaces 2m by 2m-(-l). 

Equations (5) are identical with the equations (3) if we put 6 = and 
the results deduced regarding the latter hold in this case also. We observe that 
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there will be n branches of 5(b) and, in general, n roots will occur in the interval 
rjT <v < (rH-l)7r, r being any integer, and the curve 5(6) is symmetrical about the 
= 0 axis. The root with the largest negative real part corresponds to the inter- 
section of 6(a) with the curve 6(b) having 0 or n — 0 smallest, that is, the intersec- 
tion occurring in the region — tt < d < tt. As regards boundedness, it is seen that 
all roots of lie to the left of Me{p) = k H 

< (w*^-f A;2) ... (5c) 

where v is the root of v cot ux the interval —n < v < n. This result 

5(c) is very useful when the characteristic polynomial, a part from the delay 
term, has a multiple root. 

Next we consider the equation p^^2ap~\-hQ-\-rip^e-^=^ 0. We take first the 
case n = 0, arising in connection with a position controlled servo. On putting 
p^-\-a = z, the equation reduces to z^-\-c-\-re~^ = 0 where c = 6 q — and r, 
e“ =?'. Now putting Z — u-\-iv, we have 

u^-{-2uv cot v—v^-\-c = 0 (6a) 

D4_l_2^;2(,^2_g)_|_(^2_|_^)2_y2g-a«. _ Q 

In 6(6), in order that the real solutions of v exists, it is clearly necessary that (i) 
when c > 0 , e-2M > i,cu^ and —^cu^ and {h) when c < 0, < 

c + \/rH -2“ — 4c iiis-y recall that c > 0 ciorresponds to an under-damped 
two-polo structure and c < 0 to the overdami)cd case. For c > 0, 6(6) has cuspidal 
tangents at (a^-l-c)^ = which may occur at u > 0 if r is large enough 

(1 r |< c). If c >1 r l> 0, 6(6) starts at the cusp, bifurcates into the upper and lower 
half planes. Considering the upper branch, it rises from the cusp with a positive 
slope, turns at u^-\-v^ = c and finally goes to u = — oo, v ^ ao. The lower branch 
is clearly an imago of the upper. The part with the largest positive u lies m the 
region where v lies between and 0. If, however, c < 0 the curve is single 
valued and the part with the largest real part lies near w — 0. Now the curve 
6(a) has two branches in each half plane. Considering the upper, if c < 0 or 
c < 1, the two branches start at — I+a/I-^ = w. and ~1 — ■\/i_c = 'M. For 

c > 1, they start at where =^- (clearly 0< Vq <^) where they bifur- 

® VC ' ' 

cate and rise. We notice that at v = (2/^+1)^ the two branches are at equal 

distances (±>^|(2jfc+l)|^|^— c) from the u — 0 axis and that v = mu one 
branch is on the m — 0 axis and the other is at infinity, with one notable property 
that the slope, excepting for the part near v given by ^ j is everywhere 
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positive. In figure 3 the values of c and r are : c = 4, r = 1; c = 4, r = 10; 
c ——4, r = 10 for^tho^curves Aj, An, and A^ respectively and the values of c for 
Bj and Bg arc respectively 4 and —4. 



Fig. 3. Plot of (A) V* —c)-\ 

/T-,v . ^2 — m2 — c, 

(B) V cot V = - 

From the foregoing we have the results : (i) there will, in general, bo two 
roots of the equation 'p^-\-'2a'p-\-hQ-\-re~^ = 0 in the interval mn < v < (m+l)7r, 
m being any integer, (ii) the root with the largest positive real part occurs at the 
intersection of 6(a) and 6(b) in the region where 7r+&o— > 1 1’ | > 0, if y'fto— a® 
is real; otherwise in the region 0 < v < n. 

Similar graphical constructions are possible for the equation p'^-\-2ap-\-()Q 
j^rpe~i^ — 0 (n = 1). For this case we consider instead the mapping of the p- 
plaiie into the planes iS'j — o-Jid /Sg — iCg+ii/g. We draw contours corres- 

ponding to u — constant and v = constant in the 3 ?-plane Since S is an analytic 
function of p, the transformation will be conformal and the squares in the jo-plane 
will transform into approximate squares in the iS-plane. The line ?^ = 0 is the 
locus of Si at real frequencies. 



li’ig 4. t/.constont and v-conatant contours of 

P 
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The location of a root is found from the confluent intorHections of the u- 
constant and u-constant curves of 8^ and 8.^. It is easy to ascertain from the 
chart the value of r for which the largest value of the real part of the roots docs 
not exceed, say, 1c. (See figure 4 which is plotted for 2a =- 0.2 and = 3. The 
plot of /Sg being very simple is not shown). 

The equation p^-\-2ap~\-hQ-\-rp^e~r — 0 {a — 2) can be treated on similar 
lines. 

The study of the equation with u > 2 is very instructive. Considering, 
for example, the equation with n = 3, wc note that the magnitude and phase 
condition for a root is given by 

{hQ^2au-\-u^—v^f^-v\2u-\-2a:)i^ = {'ur-\-v^fe-^>^ ... (7a) 


tan“^ 


v{2u-\-2a) 

4- 


3 tail' 1 — V kn 

u 


(7b) 


Considering the first equality, we note that it can be satisfied for any positive 
w, however large, and also for small negative values ; but it cajinot bo satisfied 
lor a large negative u. Noting that the curve representmg the second etiuality 
extends, in general, from a — — oo to w = oo for every tt interval ol v, we conclude 
that the roots of the equation are not bounded above. This result is, in fact, 
true for all n > 2. We noM^ consider the equation p’* = , The substi- 

tution 

-y/p — y'cr+ico = u-\-iv yields 


_p 'o'i- = 


(8a) 


V cot 



— u 


(8b) 


Clearly for a large positive u, 8(a) requiies cr' 0, and for large negative u, 

> > u^, hence the boundedness. The roots ivith positive <T — R^p) correspond 
to the roots in the region between the lines u = v, u =^—v and the real axis. 

For the case where n = \, the curves we have to construct are = 

^ 2 g- 2 M ^ ^ ^ Those have aheady been drawn in another connection 

(see figure 2). Wo have hero tho easily verifiable result : The real part of the roots 
of p = will be non-positive if at the intersection of v cot v = — u and 

the line u — v, 

cV“>2w2. (9) 


3. Stability 

We shall now consider the stability of the solution of 

_j_ 4- c + rp'^'-e-v = 0 


... ( 10 ) 
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Coefficients a, b and c here are all real, and positive while r is real but may be 
either positive or negative. Such equations occur in process control systems as 
well as ill the kinetics of circulating fuel reactors. 

Wc refer here to Pontrajagin theorems • (T). If the polynomial P{Z, e^) = 
P{Z, W) has a leading terra, the real parts of the zeros of P{Z, W) will be uniformly 
bounded above. 

(IT). Lot H{Z) ^ P{Z, e"), whore P{Z, W) is a polynomial with a leading 
term. We write H{iy) — P{y)-\-iG{y) ; if all the zeros of the function lie to the 
left of the imaginary axis then the zeros of the functions F{y) and 0{y) are 
real, interlaced and 

Fiymy) ~ r{y)0(y) > 0 , ... (ii) 

for all values of y. Conversely, iii order that the roots of the functio\i should lie 
to the loft of the iinaginaiy axis, it is sufficient that at least one of the^, conditions 
given below should be satisfied : ^ 



Fig. 5. (a) Equiamplilucle and equiphaHO contoius (b) Equiampliiudo and oquipliasr 

of contours of c— 



Fig. (J. (a) Equiphase contours of a pair of (b) Suiierposod equiphase oontours 

complex polos. 

ofp(p+l) and^X^ 
p + 4 

(i) All the roots of the functions F{y) and Q{y) are real and interlaced and 
the inequality (11) holds for at least one value of y. 
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(ii) All the roots of F{y) are real and the mequahty which now reduces to 
F\y) 0{y) < 0 holds for each of them. 

(lii) All the roots of G{y) are real the inequality (11) holds for each of them 
i.e. G\y) F{y) > 0. 

The meaning of the theorems m terms of polar plot is that the total phase 
tan-^ ^ should be uniformly increasing with y and that the F+G vector will un- 
wind itself on the jy-axis as many times as it has wound itself on the infinite semi- 
circle to the right of the i/-axis. One observes that on the semi-circle of radius 

00 ) the zeros of F and G occur at (2fc-f 1)| = n0-\ y, and at mn nO-{-y, 
respectively and thus each has exactly 4.I7T roots in an interval 2ln of y Thus for 



(b) IlluHtratos shift of real roots of 
p(p-\-^){p-\-'Z)-\-rerP with r. 


H to have no root to the right of the y-axis it is necessary that this situation be 
repeated on the «/-axis. We now return to Eqii. (10) which can be re-writlon 
as 

H{p) = (27®+“i^®+6i>+c)e*’+r^9” = 0 ... (12) 

For the presence of a leading term w'e require n <; 3. Lot us consider the case of 
n ~ 0 in some detail. Writmg p = iw wo have 
Il{i'w) — F{7 v)-\- iO{w) 

= {c—aw^) cos w-\-{w^—hw) sin iv-\-r-\-i{{c—aw'^) sin w-\-{h—w^) w cos ^v) 

This can be written as 

H{iw) = A{w) cos A(m') sin (wH-^) 

where A(w) = [(c— aw;®)®+w®(b— and — tan“^ 


2 
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G'{iv) F{w) = {A{w) cos sm (wJ+0)4-(l A{w) cos ('M^+0)}. 

We may note that the positiveuess of the slope of ^{w) is ensured by the fact 
that the roots of p^-\-ap^-^bx)-{-c — 0 lie in the left half of the ^^-plano. Since 
^\w) IS always positive, the condition F{w) G\w) > 0 at the roots of Q i,e. at 

, C — fti't'® . J.1 i 

w cot w = — , requires that 
vr — h 


\ . I^COS (W + 


The inequality is best tested near the minimum of A{w). Now there are two 
cases to consider . (a) when the roots are all real (b) when a pair is complex. If 
the roots are all real, it suffices to test- the inequality in the region. () ^ w ^ Stt 
I f a pair bo complex, a miiimium exists if the quadratic ‘dx--\-2{<i^-\rh)x~\~h'^—2ac 
has a real positive root. Also k defined by = kn, should bo tajeen as odd if 
r > 0, or else even. \ 

T 

Now' let the maximum value of w = from the condi- 

tion that at Wq the discriminant of the cubic x^-\-{a^—2b)'y“-\-{h‘^—2ac)x-\-c'^-\~^^ is 
zero). Then the condition that II (p) has no root with positive real part is : At 


... (13) 


We next consider Eqn. (12) for n — 1. Thus H{h) = {p^ l ap--] h 2 }-\-c)c -| rp. 

c — 

P'rom the condition G{w)F'{w) < 0 at the roots of F{ir) i,e. at w tan iv = 
it follows that 

{A'{;w) cos {w-\'<f>)—A{w) . (I -\-(^'{w)) sin {w-\-<j>)}[A{w) sin (a’-f 0)+’‘‘^‘} < if 

Remembering that at a root of F{w), = (2A;~|-1) the condition reduce.'^ 

to 1 > - - at a root of Flw). Now' the maximum value of u = , — renders the 
A{w) A{to) 

discriminant of the cubic x^-\-{a^—2b)x^~[-^^ — 2«c — zero. 

It can thus bo readily soon that H{p) will have no root with positive real part if 


cos Wjn> ^ 


... ( 14 ) 


where is the sole positive root of w tan w ^ 

b—w^ 


ill the interval mn - 
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<(w+l)7r closest to the maximum of , and provided that k in {w^(j)) = 

(2A:+1) 7r/2 is geveii when r < 0 or else odd. 

We now give the corresponding resuJis for the equations with n = 2 and 3. 

The Eqn. c)c^4 will have no root with positive real part if 

where is the root of w cot w — closest to the maximum of u = 


and k defined hy = kn is odd if r < 0 or else even. 

A{w) 

The eqn. {p^-\-aji^‘-\'hp-\-c)e'P-\-rp'^ vnll have no i-oot with positive real part 
if 


1 - 


A{wJ 


> 0 


( 16 ) 


v^liero A{w„i) is the magnitude of p’^-l-ap^^-hpA c at ^ ^ and is the root 

of w tan «/) — ^ closest to the maximum of . 

b—w^ A{w) 


It should be emphasised that the technique employed hero is readily adapted 
to higher order cases. For an example, lot us take tlie equation 

Here we shall have two distinct cases according as the minimum value of 
{w^ — — c)“ occurs at w’ — 0 or not. Let it occur at w„i. We have 
now to find the condition for F{w)(t{w) > 0 at the root of 0{iv) i.e. at w cot w 

= „ - — closest to 

— c 


4 . Oraphical methods 

We shall now study the location of the roots and the stability of delayed 
systems by graphical methods, viz., the dual loci technique and the dual Nyquist 
diagram. 

Dual loci technique 

It is known that the amplitude and phase due to poles and zeros of a network 
function are analogous to the potential and stream functions respectively of a 
set of filamentary charges of proper sign. The equipotontials and stream function 
contours of a single filamentary charge consist of a system of circles and radial 
linos. Labelling the equipotentials in logarithmic units, it is easy to draw 
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by simple addition the resultant equi- amplitude ( V) and equi-phase (^) contours 
due to a number of poles and zeros. 

We observe that the V = constant, 96 = constant contours of re~^ are a set of 
linos parallel to the axes wliile those of re~ Vp are given by the parabolas, 


<r = and (figure 6b) 

By superposing the equi-amplitude and equi-phase curves on the same graph, 
one can easily obtain the roots of the characteristic equation and evaluate the 
residues at the roots. Obviously this method facilitates prediction of system 
performance with adjustment and compensation. 


The inverse of the overall transfer function Oq{'p) is given by 


•rO{p)L 


The singularities of ^ and Hf (p) are first plotted on tl\e ^9-plane. 


Q(p) 


\ 


The equi-phase and equi-amplitude contours for and L{p)\Te~'^ or 

G Hf [p] 


are then drawn. The next step is to plot the phase locus, i.e., the locus on 
which the total phase equals it radians, and to insert the gain values at selec- 
ted points on it. 


It is useful to note some properties of the loci. Lot HJ,p), to restate, be 


and let n, the difference of the orders of N and D, be positive. The asymp- 

D{p) 

to tic amplitude and phase charatJteristics are the 'same as those of a zero of order 
n at the centre of charge of the system. (The root distributions of such simple 
systems have already been described in Sec. 2), At any particular a one may 
profitably use the Bode asymptotes with proper regard, howovei’, to the position 
of the singularities with respect to the cr = constant line. The phase due to a 


zero at a point cr, w to its right is tan“^ ^ and at a point to its left is tt— 

O'— o-Jt 

tan~' ^ — - . The phase angle of H^{p) on the real axis is ti radians over the seg- 
0 — 0 -^ 

ments to the right of which the number of singularities is odd. Hence if r > 0, 
the real roots of HQ{p)-\-rt~^ will occur only on such segments, while the roots 
of ifo(p)4-re“ 'Jp can occur only at the points <t m is any integer. 

The phase loci for complex roots of delayed systems will clearly be more 
bent towards the right than those of non-dolayed systems. Now on any tt-Iocus 
the magnitude of H^{p) may increase or decrease as the real part of p increases. 
Confining our attention to th0 locus determining the Ipc^ftipn of the predominant * 
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pair of complei roots, we note that if the locus has a posiiivo gradient and if 
Hq{p) decreases with' R6{p), instability in delayed ' control systems sets in at a 
smaller value of open looji gain and tho frecjiioncy of oscillation is lower. 

An increase in gain, it is evident, will cause the roots to shift, to regions of 

higher and the amount of shift will depend on the nature of the system, 

non-delayed, pure delay or distributive. In delayed systems L{p) decreases uni- 
formly with increase of lte{p). Hence if gain is reduced, a root will shift to the 
right if Hqip) decreases with i?e(p) and to tho left if 11 ^{p) increases with Re{p)\ 
the former movement will be leas and the latter more than that ocwuvs in non- 
delayed systems in similar situations. (See figure 8 depicting tho location of the 
real roots of p(p-f l)+rc“^' and p{p-\-^){p^-z)-\-re-v for r ^ O.l and r = 0.05). 

Dual Nygui/it diagram for stability 

For the purposes oi a dual Nyqiiist diagram tho characteristic equation is 
considered as a sum of two functions F^^{p) and FJ^p), and the diagram consists of 
two polar plots of — and Fgf jw). Jnstaliility will be revealed by the value 
of the total phase' change over the contour formed by the imaginary axis and the 
infinite semi-circle in the right-half plane. This technique permits a rapid study 
of stability property as one, say F.^ is varied, as well as of tho amplitude response. 



Fig. B. A dual Nyquist diagram io illuBtraio 
(a) Space and intorseoUon J 

The procedure for determiumg the stability of the system is stated below. 
On first plots the functions and F^ijeo). Wo call the points corresponding 

to fo„ in —F^ and F.^ the terminal points and respectively. The region 
enclosed by F will be termed F-space and tho region enclosed together by the arcs 
ofFj andFg a shell. The following rules with regard to stability are easily 
derived: 

(i) The system is stable if originates inside the Fg-space and leaves it 
before ciia„ reaches the point of exit, 

(ii) The system is unstable if one locus completely encloses the other. 
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(iii) The system is unstable if o)„ enters the J'^-space and does not leave it. 

(iv) The system is unstable if (oi„ and oijn find each other inside any shell. 
We aha]) now coiiaidcr tlie application of the dual Nyquist diagram in connec- 
tion with the expression : 

p»+op+6„ ^ 1 

f* Okv) 

where L{p) is either e-^ or e- Jr for certain specific cases. 

1 ' 

1. First consider the case where w = 0. We note that if ~ \ \ 

! 

for all w there can be no intersections of the plots of — and F. Let uB|assun )0 

that ^ < r for a raime of values of to. Now two distinct cases arise Uccor- 

G{jo>) I 

ding as there is only one intersection or two (It is to be noted that 

-Jr— exhdiits a minimum only if 2bo '> ) Tn the former csase the 

a(joi) 

system is stable if — I /G leaves (figure 9) before F reaches it, and in the 
latter the system is stable if the terminal points do not meet inside the shell 
ilf^ Ni (figure 11). 



Fig. ?). Dual NyqujBt diagram of ^ ^ Fig 10. Dual Nyquist diagram ( 


2. The case n — \. The system is stable if the terminal points do not meet 
inside the shell figures 9 and 10). 
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3, The case n = 3. The number of intersections may be one or two. In 
the former case it is required for stability that the terminal points be not lodged 



Pig. 11. 


Duiil Nyqmst diagram ol 


l-jj I 4 

pu 


and rerP 


inside F'ijoi) (figure 9) and in the latter, the terniinaJ points do not meet inside 
the shell M 0 N 2 (figure 11). 
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THE INFLUENCE OF CONSTANT ELECTRIC AND MAG- 
NETIC FIELDS ON THE SPIN OF THE PARTICLE 

S SARKAB 

J^BPARTMUNT 01' 'J’hbohetical Pitysios, Inoian Association fob thk 
Cultivation of Scikncb, Jadavpub, Calc'utta-32 

{R(‘.cnvcd for publication, September 2K, 1957) 

ABSTRACT. If wu assutno tlifti tlie particle olieys the Hocond order oquatiun obtained 
m tilt) uHual way of 0 |ioraiuig twice the Diiiic’h linear ITamiltoiiian, wo find that llio icJiange 
ot momontutn and Hjiin direction of a pariiclo subjected to magnetic and oloctnc fields is 
tho same as for a particle obeying Dirac’s first order equation \ 


T N 1' H O DJU C T IJO N 

Tulhopk lifts cliscusflod the change* ol inonienl-uiu and spin orientation 

of an electron beam when subjected to constant transverse and longitudinal 
electric and inap:netic fields. He has treated the problem for the electron aecord- 
inu; 1.0 three methods, viz , Klem-Cordon’s eiinatiou, Pauli sjan theory and Dirac’s 
linear equatiiai. The result for the chani;e of inoinentuin direction#obtained from 
the Klein -Ooi'don equaticai is tho same as one gets from the Dirac’s equation, 
whereas the resuli from the Panli spin theory is the non-rolalivislic approximation 
of the above For the change of spin orientation what the Pauli spin theory gives 
IS again the non-relativistic limit of what is obtained from Dirac’s theory. 

If wo operate twice the Dii-ac; linear Hamiltonian, Ave obtain the* folloAvmg 
equation ■ 

\{E~e(j)Y~{cp~-cAY—'inh^~\-e}ic(r.H-Vi(ihcoL. c ] ... (1) 

Lot us consider the infliuuicc of transverse electric field along //-axis on the orien- 
tation oP spin direction of the electron moving along ;c-axi^ and obeying thq above 
equation. 

We have 

t = ej, (/» = €y, A = 0 ... (2) 


As before we put 


i/r = 

124 


... ( 3 ) 



Influence of Electric and Magnetic Fields on Spin^ etc. 126 

wliere is the usual solution ot the Dirac’s equation for a free electron 


^ _ cp^A _ c[p^—ipy)B \ 

E-\-mc^ E-\-nM^ 


1 _ cpB 



1 E-j-rnc^ 


_ c{Px-] ipy)A np,B 

E^nui^ E-\-n}c^ 

A - 

epA 

EA-inc^ 

p ^ (px-Et) 

^ 1 


■ 1 

(i) 


Since py^p^=,0 and px — V- Under the conditions of (2)j equation (1) 
becomes 

— c^'Px^ — c^Py^ — H- 2eEt.y -j- kehc<Xyt\ xjr = 0 ... (6) 

Substituting^ (2) uito (5), we liave 

-®';“^ = 0 ... (6) 
Ip c^hp 2p , . 

Kquation (d) can be satisfied by the following relation 

f =sr, {€ElT)pr^)xy-{-i{cj2pc)oLy ' ( 7 ) 


= c^\{eElfipc^)xy] 


l-{ 


2pC 


0 0 0 i 

0 0-10 

V 1 00 

1 

^-l 0 0 0 

i 

I 


epB 
epA 

~']S'+~rM^ le*-(p*— B() 
Ti 

A . . (8) 


\ " ^ 


We can write 


0 ■ G ) * W‘ " 


(d) 
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where y, t) = e(W(P*-^«)+ie(e®/A3>e»)^ 

According to Darwin (1928) 

—BjA = cot^e*" ... (12) 

where x cjolatitude and longitude of electron spin respectively 

From (10) 



By Aafe'i/Ayt we compare the rotation of spin orientation with the deflection of 
the beam. 



Fig. 1 
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From (16) we see that the spin orientation remains nearly constant in space 
for small kinetic energies. The corresponding value for transverse magnetic 
field is given by 

Aa^x /Ayjg = 1 

where Aa^i = — (c^/^)c)a;. Ayp = — (eylpc)x. 

The reason for this discrepancy is that the electric moment is vjc times less 
effective so far as rotation of spin direction m electric field is concerned than that 
of the magnetic moment and the deflection m magnetic field is vfc times less 
strong than that in electric field for the same magnitude of both electric and mag- 
netic fields. In a similar manner we can treat the case of longitudinal electric 
field and also of the magnetic fields. 
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ON THE CALCULATIONAL PROCEDURES IN THE 
DERIVATION OF THE VIBRATIONAL TRANSI- 
TION PROBABILITIES OF THE FIRST 
NEGATIVE BANDS OF Oa"^ 

N. B. TAWDE AND N. SBEEDHARA MUBTHY 

Depahtment of Physics, Ka^natak University, Dhahwah 
{Uecf.ived for publication, Nommher 18, 1967) 

ABSTRACT. HeconlJy, Rao and Ranude have published some calculations of vibrational 
transition probabilities of Ihu bands of O 2 + (first negative) system A study of that paper 
lias revealed two very serious errors m the calculations and in the usage of the motliods 
npjjliod by the authors The fiist error is duo to the wrong usage of mathematical teyluuque 
of Mannoback for the calculation of vibrational transitional jirobabilitios, and the other error 
iS 'in the intoi'pretation and donvation of transition probabilities by the apphcation\ of the 
method ol Mannoback and Rahman. 

Rao and Raiiado (R & R) (1967.) gav€| calculations of what, according to them, 
are transition moments and vibrational transition probabilities of the bands of 
the first negative system of They have apphed the methods of 

(i) Mannebaok (1951) and (ii) Manneback and Rahman (1954) to compute these 
values. These data have been studied by them m terms of the available values 
of transition probabilities of Jarmain, Fraser and Nicholls (1955) on this system 
As a result of this comparative study, they have emphasised the earlier conclusions 
of Shuler (1950, 1952) on OH {A-=rX) system, that howsoever one may take the 
mechanical anliarmonicity of the wave function into account in any theory of 
vibrational transition probability, the contribution at the same time, of the 
variation of electronic transition moment with internuclear separation i2, could 
not be neglected, as it is an important factor for considoration. 

The application of the theory of Manneback and Rahman to such problems 
requii'es the knowledge of the exact relation of electronic transition moment with 
R for the particular band system. For without it, the contribution of this varia- 
tion to the vibrational transition probability in relation to that of mechanical 
anharmonicity cannot bo judged. To our knowledge, neither this relation, nor 
the experimental vibrational intensities for any of the bands of this system, from 
which this relation could be obtained, are on record. This aspect aroused our 
interest in the (lalculations of (R & R). A careful scrutiny of their paper brought 
out certain very fundamental points and issues which nullify their results and the 
conclusions based on them. It was therefore thought imperative to put these 
findings on record, in order to see the work of (R & R) in its proper perspective, 

128 
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I 

It has been shown already by Tawde, Patil, Sreodhara Murtljy and Katti 
(1957) in the case of OH{A—^X) system that Hutchisson’s and Manncback’s 
analytical treatments, although differing in complexity, lead to exactly identical 
results. This test has been applied here to the first negative band system of 
Og"*" under consideration, employing the same constants as those used by Rao and 
Ranado (1957). The transition probabilities are calculated by Hiitchissoii's and 
Mamieback’s methods and these results are presented in Table 1 m columns 2 and 
3 Por (iomparison, the values of (R & R) by Maniieback’s method are reproduced 
side by side in column 4. 


TABLE I 

Calculated transition probabilities. 
0.g+(Pirst negative) 0^'Zy 


Bund 
v', v" 

Hn(.chiH80ii 

(pioseixt 

autliovs) 

Mamieback 

(firo.sent 

au(hors) 

Maiinohurk 
(R & R) 

0,0 

0 2 r )5 

0.255 

0 255 

0,1 

0 373 

0.373 

0 323 

0,2 

0.24fi 

0.246 

0.181 

0,3 

0 006 

0,096 

0.059 

1,0 

0 . 323 

0 323 

0.373 

1,1 

0 033 

0.033 

0 033 

1,2 

0 092 

0 093 

0 082 

1,3 

0 . 25H 

0 258 

0.195 

2,0 

0 228 

0.228 

0..300 

2,1 

0 050 

0 050 

0.061 

2,2 

0.159 

0 159 

0 164 

2,3 

0 OOOa 

0 OOO3 

0 OOO2 

3,0 

0,118 

0.118 

0.175 

3,1 

0. J68 

0 168 

0.226 

3,2 

0 009 

0.009 

0 010 

3,3 

0.127 

0 127 

0.135 


It is evident from the table that oven in the case of this system as in OH 
(d—^A) system, there is complete agreement between the results emerging from 
both the methods, viz., Hutchisson’s and Manneback’s, and this is as it should be, 
as made out in the work of Tawde, Patil, Sreedhara Murthy and Katti (1957), and 
will be further shown by mathematical equivalence between the two in a forth- 
coming paper. The fact that the calculated values of (R & R) by the same 
mathematical treatment do not agree with ours indicates that they have badly 
erred ip following the method of Mamioback (1951), and applying it to the problem 
in hand. In arriving at this conclusion, we have applied whatever internal 
checks were necessary at each step of the calculations, leading to the results of 
columns 2 and 3 (Table I), and we have reproduced the values at every stage. 
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Although, the luethofl of Hiitchisson is cumbersome and roquii’es laborious cal- 
culations over jirotracted periofl, have, as an external check, employed it here 
only to be sure of the correetness of our procedures in working out the data from 
Manncback’s method. 

While attempting to locate the source of the values arrived at by Rao and 
Ranade it was found that they resulted from the misunderstanding on the part of 
the authors, of the use of the two general formulae I and II given by Manneback 
for the calculation of (! {n' n") matrix These formulae contain the quantities. 
A, k, a and h, and are valid for any of these values including negatives as stated 
by Manneback. Correct values of transition probabilities would follow by the 
direct use of those quantities with their proper signs in the two formulae. The 
values happen to bo negative in the particular case of (first negative) ^stem, 
and arc to be directly used with their signs in the general formulae for the evalua- 
tion of (\ri' n") matrix The square of C{n' u") then gives the transition pro- 
babilities, Tins way have resulted our data ol column 3 in Table I Anlaltcr- 
iiative but simpler way suggested by Manneback when negative values of the above 
are encountered, is to interchange the meaiuiig of upper and lower Htate8\ i.t. 
of n' and n" , while retaining their jiositive values. This simpler way has been 
adopted by (R k R) but iu using it, they have not correctly interpreted 
the meaning of it, which is obviously more than mere interchange of n' and n" . 
(R & R) have taken the above remark of Manneback to mean merely 
the interchange of quantum numbers, n' and n'\ without considering the real 
moaning of it, viz., mterchango e|.1so of the quantities involved in the upper and 
lower slates along with the interchange of n' and n'' . The consequence is that 
wrong values have emerged for C {n' n") and hence the transition probabilities, 
and they are represented as such in their paper. We have also tried this alternative 
but simpler way Avith its correct mcanmg given above, and arrived at the values 
identical with those of column 3 (Tabic I). In following the correct use of 
Manneback’s mathematical technique, the method of Manneback has to be 
understood in the context of Hutchissoii’s analytical treatment. 

II 

In their attempt to include the contribution of variation of electronic transi- 
tion moment with B, to the transition probability against the background of the 
above results, the authors have also erred in their fundamental approach to this 
question This problem is sought to be investigated through the application ol 
Manneback and Rahman’s treatment. But, in doing so, they have made untenable 
assumptions. This can be understood from the following analysis 

Following Shuler (1950), Manneback and Rahman start from the integral 
involving the wave functions of the upper and lower states : 

\Mn>n>' \ =ifnr{R)M,.,n{R)f {R)dR 


... ( 1 ) 
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where the electronic transition moment can be taken to be constant, 

or a variable of JR. The main object of Mannebark and Hah man’s treatment 
has been to take the latter into account in the theory, viz., the variability of elec- 
tronic transition moment with R, and they considered the variation according to 
the linear relation of Shuler viz., M^^„{R) =. c(l-| pR)^ p being the expansion 
coefficient. With the introduction of this relation iii equation (1), the integral 


I Mn>n" ! becomes 

1 Mn>n» I - C [ {R)dR -f p | {R)\Ij n"{R)RdR\ ... (2) 

Ihis expression (2) is written in the from 

1 I = c\G{n' n") + pl){n'n"\ ... (3) 

wliere (\n' w/') = J {R) \Jfn„{R)dR ... (3a) 

and l){n' n") — lilfn>{R){jrn»{R)RdR ... (3b) 


The square of the quantity | if | gives the transition probability, p. The ex- 
pression for I ifn'w" ! consists thcretorc ol two terms. The fiist term r(7</ ??/') in 
the bracket is the same integral as referred to in Mamiebaih's theoretical ap 23 lica- 
tioii discussed m Section 1 above The second term is the additional one brought 
about as a result of the electronic transition moment being ('onsiderod to vary 
with R Tt consists of tw-o factors, (a) p, the expansion coefficient and {h) 
D{n' n"), another integral stated above As a close parallel to the treatment 
for 0{n' n") matrix, Manneback and Kahman have given the following formula 
for comjmting the D{ti' n") matrix 

D{n n") = XC{n' n")-\-Yn'G[n' -~i, n")-\-Zn"G[n' , n"—\) ... (4) 

where the quantities X, Y and Z have the moaning defined by them. D[v. n") 
matrix can therefore bo computed if C(ii' n") martrix is known 

The quantity | ifn n" 1 equation (3) is therefore calculable from G{n' n") 
and D{n' n"), provided the value of p is known. The value of constant, c, could 
be eliminated by considering the relative values of transition jDiobabiJities for a 
Iiair of bands. But p for this particular system of Og+(firBt negative) is not known, 
nor have (R & R) derived any value for it. Hence j M^'n" 1 therefore p cannot 
be estimated. It is therefore not understood how (R & R) could get the values of 
1 fl/n'n" 1 and hence p. It has, how'ever, been noticed that (R & R) have assumed 
G{nf n”) to be itself the “overlap integral” and have taken the square of it to be 
the value of p for the condition under which the electronic transition moment is 
supposed to vary with R. This is obviously wrong, since it involves the assump- 
tions that G{n' n") = 0, c = 1 and p = 1, which are untenable. As has been shown, 
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D{n' n") taken alon^ with the factor p is only an additional term to C{n' n"), to 
take account of the variation of electronic transition moment with H in the cal- 
culation ol transition probabilities. Further, the numerical values given by 
(11 & R) for D(n' n^') are also wrong since the values of C(7i' n") on which they de- 
pend have been shown to be erroneous. 

Apart from the two fundamental defects from which the calculations of (R & 
R) suffer, there arc some minor corrections recjiiired which are not so significant 
as to need a particular note. As a consequence of these defects the main results 
of their calculations are erroneous. Hence, the conclusions drawn by them 
from the comxjarative study of those results in terms of the values of Jarmain, 
Fraser and Nicholls (1955) cannot sustain. 
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X-RAY CRYSTALLOGRAPHIC DATA ON RUBIDIUM 
FUMARATE, MONOHYDRATE (Rb^ C4 H^ O4, Hj O) 

M. P. GUPTA AND G. P. DUBE 

Depautmknt of PnYHii'S, Kanohi CoLLjfiOK, Ranchi 

{Received for pubhcatton, Jamutiij 18, 1958) 

Plate TIT 

ABSTRACT. Singlo oryHtal phot.ograiiha nhow i-iibitliiim futnaroio, monohydrato 
(Ubj fU Oj, H 2 O) to 1)0 ti-ioliiiio with, 

a = 9.23A, fa 7 51 A, c.= (i 66 A 
a = ar5', 13 = 96'’42', y ^ 91°48' 

'I'liuD' art) two formula units m tho t-oll. I’ho .sjiaco group is suggostod to bo P i. Atl.ontion 
IS drawn towards tho psoudo-inonoolinio aymmotiy Indexed power diffraetion data for the 
ooinpovuid IS given at tho end in tabular form 

Several potassium and rubidium ttalts ol fumaiie acid have been reported 
ni Bcilsiein's Orpianische Chcmic (Band IT, Syst No 179, j), 637) and tbeir X-ray 
( lystallograpbic examination was coinplcted by Gujita (1953) and Gupta and Barnes 
(lOnS). While the work on the determination of tho crystal structure of jiotas- 
.siLiiu fiiinarato, dihydratc (Kg C /4 Hjj O 4 , 2 TI 2 O) was 111 progress, the desirability 
of preparing an isomorphoiis Tiibidiuin salt, rnbidmm fiimarate, dihydrate (Bbg 
11 2 O 4 , 2 H 2 O) was felt. This compound is not rexiorted anywhere in tho 
chemical literature but it was anticipated that by mixing stoichiometric propor- 
tions of funiaric acid and rubidiimi carbonate, such a conipouml could be jire- 
liarcd Tu tlic event that tho coiujiOLind so prepared did not turn out to be iso- 
iiiorphoiis with tho corres])onding potassium fumarato, this result is being jniblished 

Preparation ■ One gram of rubidium carbonate (Fischer, reagent) was mixed 
with the stoichiometric amounts of fiimarii; acid in water solution and the resulting 
solution was warmed, filtered off and left for crystallization (by the method of 
slow evajioratioii) in crystallizing dishes. After a fortnight, sever al ^ilaty crystals 
were obtained with the ( 100 ) as the jdaty face. These were considered suitable 
for X-ray work after the usual examination in the jiolarizmg microscope. 

Unit cell : The unit coll which was found to be triclinic was determined by 
uioimting a single crystal (1 mm X 1 mmxO.25 mm) on the Buerger ijrecession 
‘■amera Tho reciprocal cell angles y* and wore measui-ed directly on the 
zero level procession photographs showing the reciprocal nets a*— 6 * and a* c* 
respectively while the interaxial direct cell angle a{b'~'c) was rneasmed directly 
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froin the precession camera dial roa,diiigs. These lead, using the formula for 
a triolinic cell, to the following values of the interaxial angles 

a = 8r5', /? = 96°42', 7 = 9r48' 

The values of a*, h*, c* measured from zero level precession photographs showing 
the a*—b* net and a*—c* net and the above values of a, and y lead to the fol- 
lowing values of the unit cell lengths : - 

a ^ 9.23 I, b = 7.51 A, c = 6.56 A 
dioo = 9.l7A, (ioio = 7.42A, dpoi - 6.54 A. 

Radiation use<l throughout Avas Mo A = 0.7107 A. The reciprocal net 
a*~b* shows a marked amount of monoclinic pseudo-symmetry (Plate tIT). 

The density, measured by floatation method using a mixture of methyl 
iodide (density 2 279 gm/cc) ami toluene (density 0.867 gm/ccs) was found to be 
2.23 gin/cc. Using the above values of the coll constanta, the volume of the unit 
coll = 452.99 A*^ and the weight of the unit cell contents = 608.54 (atomic\units). 
Theoretical inolocular weight for Rba C 4 Hg O 4 is 284 88 (atomic units) If there 
aro two such formula units per unit coll, the balance of 38.78 (atomic unit) can bo 
ascribed only to the presence of two water molecules m the unit coll (2x 18 36 

atomic units). Thus the chemical formula of the compound was uniquely fixed 
as RbaC^ H 2 O 4 , H 2 O, no other possibihty being consistent with the above data 

Space group : The diffraction symmetry observed is, of course, PI ■ With 
the presence of two molecules per unit cell and in view of the pseudo-monocliiuc 
symmetry that the crystal shows (figure. 1 ) the space grouii is suggested to be Pi. 

The Gorrospoiiding potassium salt of fumaric acid (K.^ Hg O 4 ) crystallizes 
with two molecules of water of crystallization and is monoclmic, space group 
P2i/^.. yince the rubidium salt (Rbg C4 Hg O4) crystallizes with only one mole- 
cule of water, this would explain that the potassium and rubidium salts are not 
isomorphous, the rubidium salt crystallizing with lower triolinic symmetry, 
although pseudo-monoclmic symmetry persists. It may bo noted in passing that 
a similar lack of isomorphism exists in other corresponding rubidium and potas- 
sium salts of fumaric acid (Gupta, 1956). 

In order to check whether a higher hydrated form of Rbg C 4 H 2 O 4 exists or not 
a powder photograph of Rbg C 4 H 2 O 4 , HgO, sealed in arLindemann glass capillary 
tube was taken. One end of the capillary tube was then broken and this was 
made to touch a trace of water. By capillary action, the whole tube was then 
saturated with water. The resulting powder pattern of this water saturated 
sample did not show any changes from the corresponding powder photograph 
of RbaC 4 Ha 04 , Hg 0. Thus the possibihty of a higher hydrated form of 
Rb 2 C 4 Ha O 4 had to be ruled out. 
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Kig. 1. Zero level prfre.ssion photogr.iph ol rubidium fuinarate, monolivdrate. I ntlinir. 
a*— b* net wuh a* along ihc hori/,onta) axis. :^o’^, K boo ems Mo Ko radiation, 
0.7107 A. I hi. ])seudo-orlliogonali(y ol thi net may be nomed d he loin spots in ihe 
( eiitre making a square array an due to arndental leakage ol light in tin c ainera. 



'li 2 ,\-ray diHraction powder photograph ol lubidmm lumarate, monohydrate. Camera 
'aracter ■ 114 b mm ; radiation, Cu Kn. 
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The powder photograph oI‘ Ilb 2 C 4 H 204 , HgO ih reprochiccd in figure 2, 
while the indexed powder data are given in Table T. The powder data (film method) 
were also checked by obtaining a diffraction curve from the Norelco Geiger counter 

TABLE I 

X-ray diffraction powder data (Indexed upto d e- 2^ ) 
d{A) d{A) 


TIT 



hIrJ 

TIT 



7 T f 

Observed 

Calculated 

J 

Ohservi d 

C^xlculatefl 

20 

0.22 

9.17 

100 

35 

2 65 

2 66 

30 K 







2 64 

II2I 

9 

6.52 

6 64 

001 



2.66 

0221 







2.67 


29 

5 . 06 

5.63 

101 









20 

2 56 

2 57 

221 

10 

5 30 

6 33 

on 





10 

n 04 

6.05 

101 

12 

2 53 

2 54 

3111 







2 53 

202 

9 

4 62 

4 58 

200 



2.52 

2I2J 

HO 

4 39 

4.39 

111 

8 

2 49 

2.47 

0^ 







2 48 

221 1 

50 

3 98 

3 97 

201 



2 49 

1221 







2 48 

212 

25 

3 09 

3 71 

020 









25 

2 40 

2.40 

130'! 

25 

3 58 

3 56 

201 



2.41 

222J 

no 

3 45 

3 45 

1201 

13 

2 34 

2 34 

320] 



3 45 

021 



2.34 

31 2 J 



3 42 

120j 








35 

2.31 

2.32 

131] 

75 

3 32 

3.31 

2111 



2.31 

21 2 J 



3 31 

121J 









5 

2 27 

2.25 

122 

]5 

3.24 

3.27 

002 









12 

2.20 

2 18 

230] 

no 

3.16 

3.18 

012] 



2.21 

410 



3.18 

102! 



2 20 

013 



3.16 

12lJ 



2 19 

031 







2 21 

ll.S- 

100 

3.09 

3 13 

2ii 









8 

2.16 

2 16 

230] 

no 

3 02 

3 03 

021 



2 17 

IO3J 

36 

2.89 

2.90 

2'20, 

16 

2.12 

2.11 

302' 



2.90 

112] 

1 


2.13 

032 



2 90 

301 j 



2.12 

131 



2.86 

221-' 



2 12 

132 

35 






2 11 

411 

2.81 

2.83 

2 84 

012^ 

121 



2.13 

322' 



2.81 

310 







2.81 

202 







2.84 

310. 





26 

2.76 

2.77 

31 r 







2.76 

212 







136 


M. P. Gupta and O. P. Dube 

TABLE I {contd.) 


//fl 

d{A) 



III 

d(A) 






Obsorvod Calculated 


Obsorvod Calculated 

10 

2 08 

2.08 

312 

6 

1 69 

9 

2.05 

2.06 

203 

7 

1.68 

20 

1.99 

1 .99 

411 1 

9 

1.66 



1.99 

312 

4 

1 63 



1 98 

421 





1 99 

222-1 

3 

1.60 

4 

1 95 



3 

1 58 

4 

1 90 



3 

1 . 55 

10 

1 87 



3 

1.52 

10 

1 85 




1 50 

5 

1.81 



3 

3 

1.78 



4 

1 .46 

4 

1.74 



4 

1 43 

4 

1.71 






diffraciionieter capable of greater resolution. There w ere good agreoinonts re- 
garding the diffraction angles but not regarding the intensities for wdiich the agree- 
ment witli him method was only (luahtativo. 1'his may be due to preferred orienta- 
tion of grams in the sample prepared for the Noroleo diffraetomctor and absorj)t ion 
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X-RAY ANALYSIS OF FROZEN STYRENE AT -180“C 

N. K. ROY 

OfTIOS DllPARTMliNT, INDIAN AssOUTATION FOR TIUC CULTIVATION OF fcVnFNCE, 
Caia’,ijtta-:{2 

{Rtcaim’d for publication, Jamtanj If), 19;’>8) 

Plate TV 

ABSTRACT Debyo-Sdiorrer patiorn of pure inonomonc ntvi eno IVomui and cooler] 
io — IS0"(1 hfl.s been sUid-ed. Analyeis o( tlio paLiern shows iiiiil tho cryslulH tui{;hl belong 

1.0 s|)iif!o gi‘on[) nM.suiniug the inolooulc to poHses.s a plane ol syinmetvy or ki (,k/, Hpiice 
group. III cflw there is no .syrninotiy in the inoloculo The diinensionH of the nnil cell 11.1*0 found 

1.0 be (1 = 9.90A, b = 8.89 A ami r* — 7.84 A The nuinboi ol nioloculos 111 Ihi* unit cell 
!is (lel.erininod from the ineasiii'erl density of the l•TystaiR is (oniid lo be four, 

iSlinilar iratlci-ii of frolvstyione at 30"C shows lour* diffuse halo,s corresponding to the 
.spacings of 7.51 A, 11.49 A. -.39 A and 1 95 A, of winch the fiist is the luosl intense one. 

INTRODUCTION 

From the rofiiilts of llie iiive.stipation on the Raman ,s])C*(*ira of Ktyronc and its 
l>nlvmor at — JS()"C it was eoiicluded (Roy, 1054) that the low-frequency Raman 
lines observed ni the ease of monomer al- — ISO^^T/ might bo due to tlie translational 
OiScillatiou of the benzene nuclei e.oimeeted to oaeh oiher through virtual bonds 
giving .some regular aiiangenicnts in the surrounding molecules In the (jase of 
the polymer a continiions wing aecoinpanyiug the Rayleigh line, upto 90cni"i 
was observed, and this was attributed to the irregular arrHiigement of the mole- 
cules As shown by Whitby (1927), the polymer is amorphous 'Fhe frozen 
monomeric styrene appeared to he crystalline, hut its slruclure was not known, 
'riie object of the iirescnt investigation was to del eriiiiiie the crystal structure 
of frozen inonomciic styrene at -- ISO”C, because such information might be help- 
ful 111 niiderstandiiig the origin ol the low-ficquoncy Raman lines. For this purpose 
the Debye-Seherrer patterns of monomeric styrene at— ISO' (f have lieeii photo- 
graphed and the results of the analysis of the patterns have been discussed in the 
pro, sent paper. For eomparison, the Debye-Sclieirer pattern of poly-styrenc at 
has also been studied in order to find out the predominant sjiaciiigs shown 
by the halos. 

EXPERIMENTAL 

A sample of styrene (monomer) was carefully purified as described earlier 
(Roy, 1954) and was used to photograph the Dcbye-Scherrcr patterns. The poly- 
mer prepared in the laboratory from pure monomeric styrene (Roy, 1954) was also 
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used for studying the Dcbye-Scherrer pattern. A Seifert X-ray tube running at 
32KV and 26 in A was used to photograph these patterns. The X-ray tube was 
provided with a copper tai’get and a nickel filter was used to cut off the Kp radia- 
tion. An exposure of about 2 hours was required for recording each pattern. 

The patterns at — ISO'^C were photographed by the method described by 
Krishnamurti and Son (1956), but the sample was rotated about a vertical axis 
intermittently. The radius of the camera was measured accjurately by taking 
a Debye-Schorrer pattern of rook salt. 


RESULTS AND DtSCUSSIOJg 


The pattern due to monomeric styrene at — 180“C is reproduced m figure 
1, Plate IV, and that due to polymeric styrene at 30“ C in figure 2, Plate TV.\ 


The pattern due to monomeric styrene at — 180°C shows a large number of 
rings, and therefore, the substance is crystallmc at this temperature The values 
of sui**6^ for the rings wore cahnilated and these are given in the first column of 
Table I. The first three spacings were assumed to be those due to (100), (010) 
and (001) planes respectively, and following Lipson’s (1949) method, the differences 
between sin^6? were plotted on a graph paper. It was observed that the differences 
0.024, 0.030 and 0.010 are repeated several times. So the assignments were 
assumed to be correct and the following values of the constants tVere assumed 
to calculate the spaemgs of the planes on the assumption that the crystal belongs 
to the orthorhombic system : 


— = 00604, -4- = .00750, ~ = .00964. 

4a/'^ 45^ 4rv 

From these values of the constants we get, a = 9.90A, b = 8.89A, and 
c = 7.84 A. 

The density of the frozen monomer at — ISO^C was measured by a method 
previously described by Biswas and Sirkar (1957) and was found to be 1.012, 
taking the density of liquid styrene at 31 “C to be 0.8966. This gives the number 
of molecules in the unit cell as 4.07 which may be taken as 4. 

From a consideration of the results in Table I and the above value of the 
number of molecules per unit cell two possible space groups may be ascribed to the 
crystals of frozen monomeric styrene at — ISO^C. On the assumption of existence 
of a plane of symmetry in the monomeric styrene molecule, which is not unlikely 
from its molecular formula, and the number of asymmetric molecules required per 
unit cell to be 8, i.e., double of the calculated value, the space group of the 
crystals may be . In case there is no symmetry in the molecules Qj^ space 
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IVflvslyrene at .50 C 



139 


X-Ray Analysis of Frozen Styrene at 


TABLE I 

Radius of the Camera 4.50 cm. 

Data for the Debye-Scherror pattern of styrene at — 180°C 


SinZ $ 
(observed) 

Sinz e 

(calculated) 

Difference 

Spaoinga in 

A 

Proposed 
indices & 
intensities 

.00604 

.00604 

.00000 

9.90 

100 (s) 

.00760 

.00760 

.00000 

8.89 

010 (s) 

.00904 

.00964 

.00000 

7.84 

001 (m) 

.02402 

.02416 

.00014 

4.97 

200 (s) 

.03064 

.03000 

.00054 

4.40 

020 (m) 

.03187 

.03166 

.00021 

4 31 

210 (v.s) 

.03661 

.03604 

.00047 

4.03 

120 (m) 

.03860 

.03856 

.00004 

3 92 

002 (s) 

.05253 

05210 

.00043 

3.36 

1 12 (w) 

.05478 

. 054161 

.000621 

3.29 

2201 (m) 


.0.5436J 

.000421 


300J 

.06439 

.06400 

.00039 

3.03 

301 (m) 

.06714 

.06750 

.00036 

2.97 

030 (m) 

.08271 

.08318 

.00047 

2.68 

131 (w) 

.08662 

.08676 

.00014 

2.62 

003 (m) 

.10030 

. 10030 

.00000 

2.43 

1 13 (m) 

.1108 

.1200 

.0002 

2.22 

040 (m) 

.1304 

.1302 

.0002 

2.13 

232 (m) 

. 1407 

.1409 

.0002 

2.05 

223 (m) 

.1500 

.1586 

.0004 

1.93 

042 (in) 

. 1645 

.1641 

.0004 

1 90 

430 (a) 

.2113 

.2117 

.0004 

1 67 

250 (w) 

.2326 

.2321 

.0005 

1 .60 

152 (8) 


{?roup can be ascribed to the crystals. It is not possible to decide from these 
data whether the molecule has a plane of symmetry in the crystal or not. 

The Debye-Soherrer pattern of the polymer at 30® C shows one very intense 
halo and three comparatively weaker halos. The corresponding spacings are 
7.51A, 3.49 A, 2.39 A and 1.95 A respectively. It is interesting to note that 
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althoiigli these sjjacmgs are near to some spacings observed in the case of the frozen 
monomer the relative intensities are entirely different in the latter ease. Tn the 
of ease the polymer the spacing 7.51 A is the most predominant one and this may 
correspfmcl to the width of the molecule. 
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analogue multiplier and function generator 

WITH CATHODE RAY TUBE 

A. K. OHOUDHUKY and B. 11. NAG 

Institittji: of Radioimiybics & JCLECTiioNica, UmvETisTTY or Calcutta 
{Rcceit^eil for puhhcation, Sejiteinbn 18, l!)r)7) 

ABSTRACT. A inultiplior and u rimcLion t^oiioralor umng a oallindc ray tiibo with 
u (’npricil ativa pioU Ufi device are dosci jh'^d. 'Pho devdeo Hiinplifloh iJie confstnicl ion of the 
luultijil lor and function genoratur without impairing the sjieod of lonponHo oi tlio accuracy 
of the matrumont. 


rNTllODUCTION 

FiiiictioTi generators and nmltiplicrs using cathode ray tubes have been 
(lescrdied by many autliors (MacNco, 11)41), Mackay, 1947; Deely and Maekay, 
1949; Sunstein, 1949). Use of the electron beam of the C R. tube as the tlynamic 
element m these function generators and uiiiltipUers results m high speed and 
makes them specially suited for apjilieations in high speed analogue coinputers. 
However, m all such function generators and multipliers, the voltage giving the 
luiiction or the product is obtained with the help of photocells placed in front 
()1 the C. Hr. tube. Instead of the photocells as the pick up device, MacNoo sug- 
gested the use of metallic pick up plates mounted inside the C. Tt tube. Evidently, 
tins IS only suited foi the multiplier if it is to be used fur the function generator 
a separate 0. H. tube is reipiired for' each now function. Tn this pajier a multi- 
plier and function generator with a new pick up devi(;e is desciibeil.Tho device 
is simple and can be easily replaced so that the same (1. Ik tube can be used for 
till* multiplier oi' for generating different typos of functions. 

r R I N C I P L E OF THE MULTIPLIER 

The electron beam in a cathode ray tube, when subjected to an electric field 
m the -direction and a magnetic field m the Z-directiou, is deflected in 
tlie Y-Jii-ecition and the deflection is given by y, where 

y ~ 

Since, velocity of the spot m the T-direction is proportional to 

liie deflection in the y-direelion is proportional to the product of the electric, 
and magnetic field intensities. One of the voltage to bo multiplied (V^) is applied 
to the X-plates (figure 1 ). Thus E^- is made proportional to Fj. The other voltage 
Vi is applied to an amplifier which sends a current proportional to Fg through a 
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coil mounted coaxially on the neck of the tube between X and Y plates. The 
resulting F-defloction is proportional to the product of Fj and Fa. 



Oil the face of the cathode ray tube is mounted a pick up device. Jt gives 
an output voltage which varies as the spot is deflected from tjio zero-F Hue, 
If the output voltage of the pick up device is proportional to the spot deflection, 
it is also proportional to the product of Vi and V.^ Usuall}'^ this is not so, and to 
obtain a voltage proportional to the product, the outimt of the pick up device i.s 
amplified and applied to the F-plates, m such a phase that it tries to bring the 
spot back to its initial position, whenever it is deflected due to the apphcatioiis 
of Fj and V.^- Let the pick up device give an output voltage v per unit F deflec- 
tion and bo the F-plate deflection sensitivity of the tube. Then, evidently 
the volt ago. appearing at the output of the amplifier, when voltages F^ and F, 
are applied, is where 

_ KJS^ ... ( 1 ) 

out — ] — j r 1 K 2- 

vA 

A is the gain of the amplifier and is a constant related to the JC-plato sensiti- 
vity and the constant relating Fg with F^. If the gain of the amplifier is made so 

large, that is very small compared to 1 . F<„rf is proportional to the product 

of Fi and F^. 
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PICK UP DEVICE 

The pick up device consists of metallii; plates mounted on the face of the 
cathode ray tube as shown in the figure 2. One of the plates is directly grounded 
and the other is connected to ground through a high impedance element. The 
electron beam of the C. R. tube is intensity modulated. As a result the charge 
appearing before the plates varies with time and thereby induces charges on the 

4 ^ 


TO 

JPtPUTlEfi 


Fig, 2 . Shape of tho pickup plates for the multiplier. 

plates which also vary with time. The varying charge on tho metallic plate con- 
nected to ground through high impedance causes a voltage to bo developed across 
the impedance. Evidently the magnitude of this voltage depends on tho position 
ol the cathode ray spot relative to this pick up plate and decreases as the spot 
recedes from its edge. The presence of the grounded plate enhances this rate 
of A^^ariation. 

CIRCUITRY OF THE MULTIPLIER 

The amplifier circuit following tho pick up device is shown in figure 3. The high 
impedance element connected to the pick up plate consists of a heavily damped 
pai'allel tuned circuit. It is tuned to the frequency at which the electron beam 
is intensity modulated, which is 400 kc/s. The oscillator supplying the intensity 
modulation voltage is crystal controlled. Tho voltage developed across the pick 
up device is amplified by R-0 coupled amplifiers in two stages, and then rectified 
hy a thermionic diode. The rectified voltage is applied to the input of a d.c. 
amplifier. The output of the d.c. amplifier is adjusted to be zero when the spot is 
un the zero-T line by the zero adjustor. Also the phase of the output voltage 
is so adjusted that as the spot tries to leave the zero- Y fine, the amplifier output 
voltage, when applied to the F-plato, brings it back. Tho gain of tho amplifier 
such that vbyA is equal to 1000. Thus error introduced from this source is 
loss than 1 in 1000. 
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Fig, : Cirouii arrangoraeni of the amplifier. 

Tho circuit arrangeincnt of tlie amplifier supplying the current to the magnetic 
deflection coil is showji m figure 4. The frequency responsti of this amplifier is 
flat up to 3 Kc/s. The magnetic dellec-tioii coil consists of 5000 turns of 4(5 gauge 
copper wire and has a resistance of 1 K S2. The C-R tube used for the multiplier 
is of the tyiie 5BP1. 



Fig. 4. ; Magnetic-clofloijtion anifilidur oirouit. 


MULTIPLIED C H A R A C T E R I S T 1 C iS 

The measured d.c. characteristics of the multiplier is shown in figure 5. It 
shows an accuracy of 2% of full output. The frequency response of the nniHi- 
pher is flat uii to 5 Kc/s for voltages applied to the X-jilates and up to 3Kc/s lor 
voltages applied to tho magnotic-doflcction coil. 
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The accuracy of the multiplier is limited by liniitatious of mechauical align- 
nieiits. The edges of the pick up plates are not iierfccily parallel to the zero-F 
(lellciction line and also the axis of the magnetic deflection coil caiiuol be accurately 
aligned ^dth the tube axis. With bettor inechanical arraiigomoiits the acu-uracy 
flgurc can bo further improved. In tins connection, it may be noted that as the 



S[)ot is deflected from its centre posii.ioii it gets defocussed. This defocussing is 
linther iiicreastjd when the magnetic field is applied. However, defocussing only 
reduces the output of the pick-up plate and thereby affects the overall gain. 
The reduction in the gam does not affect the accuracy much since oven the reduced 
gam IS well over 700 and this may contribute an erior of only 1 in 700. 

The Ireipicncy rcsiioiise of the multiplier for voltages applied at the F-x)lato 
may be further imxiroved by using a higher frcqueii(;y for beam intensity modula- 
tion and iiicreasuig the bandwidth of the jiarallcl- tuned circuit. The freiiueucy 
rcH]iuiisc for voltage applied at the magnetic deflection coil also may be imiiroved 
!>>' mcieasing the bandwidth of the magnetic deflection amplifier. This reipiires 
flic use of a niaguetic-deflecition coil with smaller number of turns and therefore 
involves greater power consumption. Since, liowT,ver, the differential analyser 
of wdLich the multiplier forms a part has a fixed value of CR etjual to 1/4, further 
mpirovomcnt of the frequency response was thought unnecessary. 

of an equation with the multiplier 

The performance of the muliqilier in its actual use in the coiniiuter is illustrated 
fly solutions of Mathiou equation ohtaiiiod by the differential analyser using 
the multipher. 
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Mathieu equation in its general form is written as 

(« - %/ cos 2s))/ = 0 ... (2) 

The set-u]j ol the computer ior solving the equation is shown in figure 6. 
Cos oijt is generated in a different jiart of i.he analyser. The computer set-up 
solves the equation 

— aa cos oijt)y = 0 (3) 

where ciq® = 



t’jg. 0 ■ Computor set up for solving the equation, 
■' cos 2z)y = 0. 


On substituting 2z for Eqii. (3) reduces to 



In figure 7 is given the solution of the equation as obtained by the analyser 
for a = 3, O' = 2 and y = 0. 

FUNCTION a F N K H A T O U 

Let the function to bo generated be given by/(Fi). The pick up plate mounted 
on the face of the 0. It. tube is replaced by two other plates with their edges shaped 
to the form given by/(Fi). The form of the pick up plates for/(Fi) — Fj® is shown 
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Fig, 8 : Shapo of tiio iJick up ulafceH for gonoraliug F,a. 



Fig, 9 : Plot of FjS generated by tho function generator against 
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ill figure 8. Now for generating Vi^, is made zero and Fj applied to the X— 
plates. Ah is !ij)j)lied, the spot moves along the AT-axis, hut the feed hacik device 
keeps it iii between tln^ edges of the two plates. As in the ease of the multipliei' 
if the gain of the amplifier is large, the spot moves along the centre line between 
the cdgcH, aiifl since the plate edges are shaped to F^^, the voltage ajipcaring 
at the output, of the amplifier is proiiortional to F,^. 

Fj^ plotted against F^ as generated by the function generator is shown in 
figure t). The frequency response of the function generator is flat up to 5 Kc/s, 
whielij however, can be improved further as indicated before by ni(;reasing the 
beam intensity modulation frequency. 

CONCLUSION I 

The new pick up device described in this paper can be used successmlly for 
eoiistructing a multiplier or a function generator employing a C. R. tube. The 
use of this device does not affect the speed of response. The aijcuracy is Wainly 
limited by meiihanical mis-ahgnmciits. 
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QUADRUPOLE VIBRATIONS AND THE ELECTRIC 
QUADRUPOLE MOMENT OF SOME CLOSED 
SHELL PLUS (OR MINUS) A SINGLE 
NUCLEON NUCLEI 

P. N. MITICHETUEE and 1. DUTT 

Institute of Ndceeah Physics, Calcvttta 
{Itecetveiil for publicahon, October 30 1057) 

abstract, a oriUr-al survey lias heiin made in this iiaper on the present position 
of the ipiadrupolo moment of rlosod shell plus (or minus) a singlo nueleon niieloi. It is found 
Lliat) collootivo model formalism of the i(uadriipolo moment is essentially rorreet if one caleii- 
laLes the rigidity of the core from the data oii the vibrational siieetra of even-oven nueloi. 
Using tlio available data on vibrational levels the strength of surface coupling has been calcu- 
laled and it is found that in the logion of closed shell, an intermediate ooiijiling pietui'e bolds 
true. The values of the quadrupolo moment are also improved in tins scheme. 


1. INTRODUCTION 

It IS well known that although spin and energy levels of nuclei can sometimes 
bo satisl'aetoijly explained by the shell model, it is vcj“y difhoult to account for 
the magnitude of their magnetic moments and eloctru; (piadrupole moments. 
Specially the latter is very sensitive to the choice of the ground state wave function. 
Til the extreme single particle model the ground state quadrupolo moment for a 
closed shell plus a single proton nucleus is given by 




2i-l 

20 + J) 


<r^> 


( 1 ) 


where j is the total angular momentum of the satellite proton, m its Z-component 
and r its position vector. 

On the average < > can be taken as 3/5 (Mayer and Jensen, 1955), 

wJicre is the nuclear charge radius. It is well known that 


( 2 ) 

Avhore ^ 1.19 X 10" ^^cm (as given by electron scattering experiments). If 
there is a hole instead of a proton then the sign of (1) is to he interchanged. This 
explains the fact that just before a magic number the cjuadrupole moment is positive 
and after a magic number it is negative. But apart from this qualitative agreed 

149 


6 



150 


P. N. Mukherjee aiid I, Dutt 


merit, the single particle model is not adequate to account for the magnitude of 
the quadrupole moments. In fact, the ratio QobalQj is sometimes as large as 
forty. 

In 1950, Rainwater showed that if instead of a central field F(r), a spheroidal 
field of the form F(r, 6) is taken then the value of Qj is somewhat increased. This 
was further developed in the collective model of nuclei by A. Bohr in 1952. In 
this model the closed shell part of the nucleus is treated as a liquid drop, capable 
of collective oscillations and around this core one or more particles are moving 
in their shell orbits. As a result of the surface coupling the core will be distorted 
and its equilibrium shape will be a spheroid. 


As a consequence of this there will be a good amount of contribution to the 
quadrupole moment from the core. j 

It can be easily proved (Bohr and Mottelson, 1963) that for core plus a single 
proton \ 


Q = Q.+Qj 


1-3 . 


2/+1 


i. 

in ■ 2(/+l) ■ 




3 2J-1 

"5' 2(/-hl) 


... (3) 


In (3) A: is a term appearing in the interaction hamiltonian of the particle and sm- 
faoe. Its sign is reversed if the particle is replaced by a hole. On the average 
k cssL 40 Mev. The factor C which appears in (3) is known as the nuclear rigidity. 
Bor a uniformly charged nucleus of constant surface tension 8 


O = -I- . ^ la. Bohr. 1962] 

lOW ./ly 


(4) 


The dimensionless parameter 



k 


... (fi) 


It is a measure of the strength of coupling between the particle and the surface. 
In (6) o is the frequency of collective oscillations of the core. It can be shown 
(A. Bohr, 1952) that 


Cil 



G 

B 


... ( 6 ) 
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whero B is the micloar inertial parameter. 

For a uniform liquid in irrotational flow, 

... (7) 

Using (4) and (7), Bohr and Mottolson (1953) have calnulated Q for various nucloi 
and found that in general Q is many times larger than its actual value (sec Table 
1. column 15). This is hardly surprising smee both (4) and (7) are very approxi- 
mate equations. It is obvious that both B and G should depend strongly on the 
shell structure of the core. 

Marumori et al. (1956) showed that C, the surface rigidity depends strongly 
oil the shell structure configuration of the core. Using a simple form of interaction 
they have calculated the values of G and found that those values of C give excellent 
values of the quadrupole moment. But here again the agreement has little moan- 
mg since these authors have used the same irrotational value of B as given by equa- 
tion (7). 

The purpose of the present paiier is to show that the collotitive model foi-ma- 
Usm of the quadrupole inomout, as given in equation (3), is essentially correct. 

2. CALCULATION OF QUA DRU POLL MOMENT FJIOM 
TJ-IE DATA OP THE VIBKATIONAL LEVEL OP 
E V E N . E V IG N NUCLEI 

The core of the nuclei under our consideration are even-oven nucloi and 
hence they are capable of oscillation about a sjiherical e(]uili1)rium shape when 
the extra particle is absent (Alder ei al. 1956). The lowest mode will be obviously 
of (juadruiiole type if the nucleus is to remain symmetric." The energy of the 
lii'.st excited level is given by the well kiio^vn oscillator equation. 

~ h(ii 

... ( 8 ) 

It is well established that the spin of the first excited level of oven-even 
nuclei is almost always 2 and the dominant mode of decay is by radiation. 
That the observed excitation is of collective origin is exhibited by the fact that the 
redneed transition probabihty -^(jE/g) is many times larger than the single particle 
estimate. 

If one assumes that these vibrations correspond to one photon excitation 
then it is easy to show that 

BiE^, 0-» 2) = S ) < 0 1 w(j&2/^) 1 1 > P 



The values of quadiiipole moment 
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,Au 197 (2^3/2)-! — aoHgiss 3/2 0.41 1.0 30.3 8S 1 714 0 32 1.688 0.371 0 115 
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where OL^fi is the familiar deformation parameter. 

' I 47r / ■ 

From (8) ami (9) 

327r2 * 0-4 2) 


... (9) 


... ( 10 ) 


Thus here is a nice way to determine the value of C as well as x from the data 
of tbe first excited state of even-even nuclei. From (6) it is obvious that 




100,1 

2njE 


( 11 ) 


uherc we have taken k -- 40Mev and E^ and C arc expressed in Mev. 

To be sure that the levels we have used to calculate C and, x are of collective 
origin, wo have compared the cxi)erimcntal ^(^^2) values with that of single 
l)artic‘]e estimate. (Blatt and Weisskoff, 1952). 


0 -. 2 ) - 

l^his is presented in Table I column 8, where one can see that the ratio 
^eTp{^ 2 )_ ig always much greater than one. 

The coupling strength x as calculated from (11) is presented in column 10 
of the same table. It is seen that x is almost always of the order of one, indicating 
an jiitormediate coupling. It is of interest to note that x depends sensitively on 
th(* orbital angular momentum of the satellite particle. Thus for si^Ge’''* core 

2 when the outside particle is in 2p orbit, while a‘ 1.1 when the particle is 
111 If/. 

The last three columns of Table I give our calculated values of Q, the previous 
li^^drodynamical values Qjjjtfi S'lid observed values Qobs- that our 

values agree better with the observed values. One exception is that of 32^® • 
This can bo accounted for by the fact that the core 32Ge’® has or more rigid neutron 
core {N = 40) than proton core, and the values of 0 as determined from the vibra- 
iional spectia gives essentially the rigidity of the proton core. 
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SPECTRAL STUDY OF THERMOLUMINESCENCE 
EMISSION FROM KBr AND NaBr. 

B. C. BUTTA* AND A. Tv GHOSH 

Khaika IjADouatouy dll’ Piivsif's, UNivEitsiTY (Vij.Licai!: OF Science, Oalcetta 
{liocetved joi 'i>uhlim(ion, OcUthvr 21 , 1057 ) 

ABSTRACT. I lio ro, suits obiiiinotl from tint Hpoctral study o( thormoliimilidSfoncn 
iinuHSion from KBr and Nnlli roloiirod ut OO'^K by 10 KV oUu-trou bomburdtuont iiru roporttMl. 
\ii aiituinfttic rapid sciirmiiii^ ([uaH/ spoplioplioioiiu’.tiu rnpnbln of i'oi‘ordiiifj[ Rporlruin iii 
oiii' sooond IS usod to rocord tlio s])ocl r.d dislribidion in Iho omission 'I’ho tliornioluminosconoo 
of KHr ronsisis of four stroupf fxlow jMudcs .d .approximaloly lO.'f'K, 22()"K, .‘btO'K. and 
Eiifli ot tbo fiist, Horond and llio fourtli glow poidcs consisis of a suirIo band with 
maximum at r)22m^, ,j20m//-, dOSiiiM, lospoclixoly I’lioio aio tuo bands iii tho third ^low 
pi\ak with maxima ai 44Mm/^ and oUiiuM 'riio (liormolummosionco jjlow of NiiBi is 
(•luinu‘lori/.od by t\^o si roup; glou jioaks al about 14r»'K and 28irK and omission band 
maximum at 457m/i and riOOin/^ losjioct/JvoJy. 

IN M’ K O DU TT ION 

OoJour contivs uvc Jornicd in alkali halides uradialcd by lonizinjf radiaiioiiw. 
ITiei’u IS bleacliiiig and changes in some ol lliese (entres at specific teiiipera- 
Inres, nsnally accompanied by Ibormolumincscence emission (Diiitmi cl al., 
11)58; iShanna. 11)52. H)5fi, Halpenii e' a! 11)57) The rcsulls reported by 
dilfereiili woikers on Immnescence. emission a( \aiious l(‘m})eraiin'es logotJier 
^Mtll tlic jiniicijiai changes in colour cciities, irtlieie bi'. any, are summarized in 
Tables 1 and JJ 

It is to lie seiMi from the tallies that the findings of the difrciimt Avorkers are 
not in acciord with each other This may ni all proliabdity lie due to the differenc es 
111 the nature and amount ol in’adjation, rate of heating, Iht'i iual history, pliysic-al 
nature and impurity contents of tlie ]jliosphor 

The present AA'ork deals with llie bchaAdour and distribution of the spectral 
canission during thcrmolumiiiescence glow The spectra recorded are. shoAvii in 
hguies 1-4. Tho c^urve in each oi the frame indicates the spectral and intensity 
distrihuiion of the thcu inohiimnescenee gloAA'^ Avitli rise of tomiieratiire at an interval 
of one seeond. The area under each enrve when jilotled against its corres- 
ponding temperature gives the “gloAV eurve” 

E X J* E R I M E N T A L T E C 11 N f Q U E 

Tlie spectral distribution of tliermolnniinescenec is reriordod by an auto- 
niatie rapid scanning spcctro])}iotomeler, the eonstmetion of which was reported 

* Now at Birkbock Collego, London. 


155 



156 


B. C. Duita and A. K. Ghosh 


earlier (DiitU H nl The finely ground pliusplior (E. Merck, guaranteed 

reagent (piality) is niljlied to the flat surface of tlie sample holder. A high rate 
of heating, G ’-T 'C per second, is [u eferred so as to increase the iid ensity of emission. 
Care is taken to retain tJic ])urity of the sainxrle 

:{. li X E II J JNI I(] N T A L Jt E S U 1. ^1’ S A X D D I S C U S S J O X 8 

Poiasfi i u w. B roi/r id<‘ : 

Potassium bromide flnoi'{\scoM weakly on cathode ray bondrardment at liquid 
oxygen lemjieratui e and the sanqrle becomes blue on ]jrolonged irradiation — 
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Fig, 1. — Tliorinolutnme.sctMico spectra ol ICBr iirudiatod by catliodo rays at 90‘'K. 

Xiossibly due to F band (630 m/y). At low temperature the after-glow mteiisily 
is rather x>oor; but at high temperatiiTe it xjerc.exrtibiy increases. Erom the study 
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of tho shape and size of the orlow curves (Shanna, 1050) and tlie eorrospondiiif; 
spectra, it found that the jjflow curves (excejit for the Inv est tcni])eraturc) are 
Proud and extended, ovorlajjpin^r one aiudher greadly; this means that the trap 
,lei)ths ill this crystal are not as sharp as in Ihe niher cryslals studied and lie 
(listrihuted over wider limits. 



2 — I’honnolumiiioHconce spectra of KBr inadiated by c.alhofle rays at 90°K. (contd.) 


The thormoluinniesccnce of KBr is characterised by four strong glov^ peaks 
id temperatures 163'’K, 22(T’K, 330'd^ and 408°K. TJie spectra of the first two 
glow peaks seem to bo identical. Tniniedialely after the second glow peak, the 
' Ifoct of the third is reflected in the Riit;cessive therinolnnnnescencc spectra. The 
third glow peak is characterised by a strong short wave-length emission (443 nyy) 
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together with an inclication of a long wave-length eomponent (516 m//) whirh 
persists over a wide temperature range. Either due to ovei tapping of the bands 



Fifif. 3 — Thermolumine.sfonco Bportra oT KBr irrarliniofl )ty latliorlci iayn at 90°]^. {coiitfL) 

or due to temperature shift or due t.o both, the short wave-length band maxi- 
rnum of 443 m/i at 33()°K appears to be shifted to 4S3 m/y at -102''K; the othe)’ 
band niaxirmim ceases to be pereejilible beyond '“370^'K. The fourth glot\ 
siieetrum is a single band. Tlie position of tin* band maximum seems to remain 
completely unaff(*cted by the temperature. The nature of the spectral emission 
of thermoluminescence of KBr will be evident from figures 1 — 4 and Table III. 

Tt IS observed that the blue colour of the samjile disajijiears with the 1()3"'K 
peak. Since thermal ionization of the F centre is improbable at this temperature, 
it may be that due to thermal ionization of centres holes are released and 
migrate to the F centres where recombination of the free holes and trapped elcc- 
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trons occur resulting in the destruction of the F centre, the cause of the blue colour 
of the sample. Dutton et nl, (1953), reptjrtcd such a plicuomcnou tJiough at a 
somewhat lower temperature The spectj-iim of the second glow is a broad band 
audits emission oecAU’E over a wide temperature range. The band juaximuni is 
compatible with that rc])orted by Dutton et al. lor the omission associated with 
t lie disappearance of the F 4 -band. The process occuning duiiiig the third glow'^ 
seems to be complex; the and F., bands are likely tn be bleached in this 
t(Mnperaturo range. The thermoluminescenco spectrum of the last glow is dis- 
(mctly different from the others Possibly the ther mal lonizaiion of the F centre 
occurs at this temperature. By colouring the sample at room temperature the 
))liio colour disappears in this temperature range. 



4 — ^Thoranoluminescence speotra of NaBr irradiated by cathode rays at 90 K. 
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TABLE I 

Liiminosccnco j)«takK of KBr ai various temperatui es together with the principal 
chaiigeH ill colour centres as reported by dilTerent workers, 
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TABLE III 
KBi 


(Excited at liquid oxygen tenipei’aluie) 


Framo No. 

Poaks 

J:laIf-wi(Uli m/i 

T('m|U)iaiiiro 

‘K 

1 

— 



]37 

2 

532 

— 

143 

3 

732 

— 

140 

4 

530 

— 

170 

5 (Max) 

722 

470 -- 580 

163 

(i 

rrzi 



170 

7 

727 

— 

178 

H 

.727 

— 

180 

'J 

737 


l!M 

10 

737 

- 

202 

1 ] 

737 


210 

12 

727 

— 

218 

13 (Miik) 

.720 

470 - 703 

220 

J4 

7l() 

— 

23 1 

If) 

710 

— 

242 

10 

7 1 0 

— 

270 

17 

7 1 0 


278 

IK 

4<i0 

- 

2()0 

JO 

41S 


271 

20 

4.70 



282 


.737 



21 

1.70 


290 


720 



22 

143 

_ 

298 


.72(. 



23 

443 

— 

300 


.7 1 0 



21 

443 


314 


7 1 U 



2.7 

443 

— 

322 


7 1 0 



2() (Max) 

443 

- 

330 


7 JO 



27 

■177 


338 

2S 

400 

— 

340 

20 

400 

— 

374 


.7 1 (i 



30 

400 

— 

302 


.710 



31 

473 


370 

32 

4 73 


378 

33 

4 S3 

- 

380 

31 

483 

— 

301 

3.7 

483 

— 

402 

30 - 40 





411 44S 

41 

408 

— 

478 

J2 

408 



108 

43 

498 


478 

41 

498 

— . 

488 

4.7 (Max) 

498 

448 — 782 

408 

40 

498 

. — 

.708 

47 

498 



518 

48 

498 

— 

528 

49 

498 



538 

.70 

498 

— 

.748 
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TABLE IV 
NaBr 


(Exoited at li(|iiid oxygen temperature) 


Framo No. 

Poak mfi 

Half-widih jn./J' 

PemperatuFe 

°K 

1 

443 


114 

2 

443 

— 

120 


443 

— 

120 

4 

448 

398 — 510 

132 

5 

4.')2 

400 — 512 

138 

(i (Max) 

457 

4 1 8 525 

145 

7 

401 

41 8 525 

15f2 

8 

401 

418 525 

J.5[) 

1) 

403 

420 — 530 

100 

10 

lO.'i 

420 — 530 


11 

170 

445 — ,540 

1821 

l‘i 

182 

.^40 __ r.58 

1 90 \ 

It 

182 


198 

J4 




206 

ir> 

408 

-- 

230 

JO 

.507 

PiO — 580 

238 

17 

.507 

PiO _ 580 

240 

JK 

.507 

400 583 

254 

10 

.510 

•100 - 583 

202 

20 

408 

450 590 

270 


.5.51 






• 

21 

.500 

.115 — 000 

278 


5.5 1 



22 (Max) 

.500 

140 — 000 

280 


570 



23 

.502 

440 — 000 

294 


575 



21 

408 

440 — 000 

302 

2“j 

408 


310 

20 

400 



318 

27 

490 

— 

320 

28 

493 

— 

334 

29 

493 

— 

342 


Sodium Jiromide : 

Sodium lu'omidc, has a liluisli -green tluoresecnee— einission on eaUiode ray 
boiidiardmoiit at licjuid oxyireii teiiiiiorature NaBr even under prolonged irradin- 
lion (iaiiuol. be visibly eoloiiriid Tt is to be noted that the phosphor is coloured 
yellow when heated to 250“K after inadiation at hcpiid oxygen temperature. 
This colour alst) ajipears on irradiating the sample at room temperature. 
Eluorescenee emission of NaBr is eliaraetcrised by an intense ultra-violet band 
extended from 1360 w/t to 250ni// or beyond; other bauds are also present in the 
visible region (Bose et al.^ 1950). 




The,rmoluminescence Emission from> KBr and NaBr 1(53 

The tlionnolumiiieseejico of NaBr consists of two strong glow peaks at 145°K 
.1,11(1 2S6“K, The spocjtral nature of the emission at different temperatures will 
he ovifleiit from figures 4 and 5 and Table JV. From a study of the nature 
()1 the emission, it i.s clear that the emission extends into tlu‘ ultra-violet r<*-gion; 
ihe ultra-violet part of the emission is missed because of the insensitivity of the 
pliototube. 



Idg. G — ThentioliunitioHcenre of NaBr iriacliatod by oaihorle rays at 90°K. (tiould.) 

The lowest temperature glow peak occurs in the shortei wave-length region 
M'lth liand maximum at 4/57 m// while the other one lies in the longer wave-length 
n gio 1 with band maxima at 500 in// and 570 m/i. 

From the study of the emission it ajipcars that there is a gradual change 

2 , 
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taking jjlfit o tliroiigliout tho jirocesH f)i‘ thermoluminescence. Thus, for the first 
glow, eniission at the initial and final stages has a band inaximum at 443 m/( 
wlieii the tenijioratnre is JJ4"K and at 482 m/* when the temperature is 198°K. 
During the setjond glow, initially, emission band maximum appears at 498 in// 
coiTesj)oiiding temperature being 230‘’K; at about 270°K emissions show another 
long wave-length component with band maxiniuni at 551 mji. At the glow peak 
temperature 2S6"K there are two maxima m the emission band at 600 mfi and 
570 uifi respectively. 

If one takes into acKJoimt the effect of mutual overlapping of two diffusi^ 
bands it can be easily seen that the development of a now diffuse band on 
the long wave-length side in tho emission may cause the peak position of the original 
band to bo shifted towai’ds thf longei iv avc-lcngth. Thus it is reasonable to con- 
clndo that the eniissioii band with maximum at 457 ni//(at I45'’K)V which is 
gradually shifted towards longer ivavc-lcngth with increasing toinpOT-ature, is 
jiresent in all the glows observed. \ 

Sodium lironnde is a iiroiiounc.cd iillra-violct emitter; as such the ijuiasurc- 
ineiits (iaimot be considered as complete foi obvious reasons. Fiom Table 11 
we olisorve that Sharnia asso ‘lates the glow peak at 48()°K, with the thermal 
bleaching ol tho F ceil I re and it is a.ssumed to bo so Due to its low intensity Hr* 
spectrum ol Ihis glow (jou I d not be recorded. Ooinparing re, suits with KBi' and 
other phosjihors il is guessed that tho glow jicaks at 145‘^K and 280°K arc 
associated with tho bleaching ot the and centre, s. The additional long 

wave-length emission may be jirovided by the jiossible bleaching of the F' 
centres in the corrosjiondmg temperaturii range 

Additional work is needed before one trios to Yiicture tho kinetics of the 
omission proi-oss, and moreover the measurements, being confined to the visible 
region, are iiiconiyiletc,. (Since absoryition measurements have not been made, the 
idontilication of the glow jioaks wit-h thermal bleaching of the colour centres as 
reyiortcd are to be taken as suggestions rather than experimental findings. 
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ON THE AXIAL STABILITY OF A DEFORMED 
NUCLEUS I 

P. N. MUKHERJEE and DtTTT 

IrrSTiTDTE OB’ NucLKAJi Physics, Caloutta 
{Ecceivcd for publication, Fchnmry IH. 19 HR) 

ABSTRACT. Tho enoi'ffy oigen values of a singlo partaolo moving in an nuiaolipopic 
liiimionic oaoillat-or pol;ontial have boon calonlated aasunimg llial, tlio oquipolonlial Kiirfuon 
coinfifloR with l-lie iiuoloar Hurfaeo It has boon found that in tho varn-oartli region tho Kholl 
inoilol onorgy lov^^ela of a single partielo depend senaitively on tho deviation of tho nuoloav 
Hhapo from cylindrical symmetry, CalculatioiiB have been done upto (la**" (’ore and it is 
found thai. the enorgetically stable form of tho miclous corresponds to oilboi Y — 0 or ‘iir/S. 
ll IS also found that- t.he tot.al energy of an oblat-e mirlous is about- 3 Mev gi eatov t han that 
ot a- prolate ono, which is eonsistent- with tho obseivod positive oxcess of qnatlriipolo moTnont- 
m tho raro -earth region. 

1 . I N R O U U C T 1 O N 

111 the region of tho rare-eiirtli nuclei (A — 150 io 100) very large jioBitivo 
quaclrupole moments have been oliBervod, which inthcales that these nuclei are 
strongly rleforined. Moreover, it has been found (A. Bohr, 1054) that the first 
exc-il/od level of the majority of these nuclei arc of (‘ollective rotational ririgin. 
The fact that the energies of these levels are proportional to / (7 j 1 ) (where 7 is 
the spin of tho level), indicates that these nuclei have cylindrical symmetry. 
Broni these two observations one can infer that the imoleon configuration in the 
lii-re-earth region prefers energitically a prolate dilorination filie object of the 
present paper is to see whether this is so, if the nucleons are assumed io he moving 
ill an average deformed potential. 

From the self-consistency condition it is obvious that the strength of ihe 
mielear potential is proportional to the particle density inside ihe mielcus. Hence 
one can conclude that at the nuclear surface the equipotentiaJ surface more or loss 
I’oiiicides with the nuclear surface. Starting from this the energy eigen values 
of a single particle have been calculated by various workers, (Moszkowski, 1955 , 
Isblsson, 1955 ; Gottfried, 1956) using rectangular well of infinite depth, harmonic 
oscillator potential and rectangular well of finite depth respectively. But they 
have tentatively assumed a cylindrical symmetry ol iJie nucleus. Gottfried 
(1956), however, showed that for a rectangular well of finite depth the nucleus 
pviifors a cylindrical symmetry. But in his calculations the positive and negative 
qiiadrupole moments are found to ho equally prohahle. 
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AVf' have, taken hero an anisotroi^ie harnioiiie OHcillator potential and applyiiij.' 
the iiKiial pcTtnrbation frealmeiit liave caleiilaled the energy eigen values for 
different elliiisoidal shapes. This ])apci eonlains the results up to N ^ 20, while 
the oxaet machine ealenlat ion for higher levels are in progiess and will be re- 
j)ort(‘d jn due (‘ourse. 

2. MATHEMATICAL ]<’ O H M U L A T I O N 

Let the hainiltonian of a single particle of mass ilf, moving in an average 
field, F(r) be 

A'+F(r')-|-t'I.S-|.i'C ... (1) 

whore ibe last two lei ins are added to gel the /eio-order shell struetijLire levels. 
(Nilsson 1055). 

For auisolro])ie harmonic oscillator field one (laii write, 

F(r') — ^ /l/(ro2^, .r'2-(-cii®vcV'2+c.)“g, ' ... (2) 

where r' gives the jiosition of the particle with respect to a body-fixed system oC 
axes (A"', Y', Z') It is enstomary to choose (X', Y\ Z') as the principal axes of 
the nueJeiis. (A. Hohr 1053) whose surface is 

■■■ (-‘i) 

The ])arametei A in (3) jireserves the nuclear volume. Hy sti aighi Jorvvard mlc- 
gration one can show from (3) that 

^ 1+ II I ( ... (1) 

(without any approximation) 

Equating the length of tlie ma)or axes from (2) and (3), and noting that the vohnne 
of the nucleus remains c-onstant undei deformation, it is easy to see that (2) 
can be written as 

F(r') = 1, MKR-^A-^\{1-\ 

... (f)) 

where (XR^ ■2)i -- tOj,® is the zeio-ordcr harmonic oscillatoi frequency, and 


n , . 5 / ■'j 3 , 15 2 , 75 

AM < + 4^V4^ 


75 


75 
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a\ - ~ TT"® 

75 /l^ 2 2 /l«7r ^ 

Un^S 5 ^0^2 + G47r2 ‘ V 5 ' 


... (Gb) 


, 15 /IGtt 25 /Kvr ^ 


ridglecting higher order lermR. 


So (1) hecorneH 





IV 2 W')} 1 . s -i-Dp] 

... (7) 

where 

t‘)o(«0«2) ^ «0® 

. (8a) 

and 

/ V 

IhM- l+f[{a^,) 

. m 


P»('Va) = 1-|7,(«^.,) 

.. (8e) 

Ijdi'odiieiiig 

the usual dimensionless co-ordinate 


X — 

■y ^ - X etc and two new jiarameters 



1! 

1 

1*1^ 

.. (9a) 


27) 

c- 

.. (9b) 

o(juaiion (7) becomes 



W«0?8) 

... (10) 

where 




+^(^j {r^W)+y.-.W)}]-2‘» - 

...(11) 
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In (1 ] ) we have introduced a new parameter 
^ X ■ co% 




( 12 ) 


rt. DETERMINATION OF THE ENERC4y-LEVELS 

It cjin be shown that the r-dependent part of the hamiltonian H as given 
by equation (10) commutes with the operators I, Ig & fig, where 1 is the orbital 
angular momentum, Ig its projection on 2 -axis and S the z-component of the spin 
S of the particle. Hence the base vector | Nl lgSg> can be obtained jFrom the 
zoro-th order equation of motion ^ 

- ^2 I kS, > ^E„\Nll,S,> (IS) 

The radial part of the eigen ket appearing in (13) looks like 


\Nl>t^ 


I 2r(^+iy 

\[r(n+?+3/2P 


(f*) 


... (14) 


while the orbital part is Yn^ (6?^), with usual notation. 

In (14) N~2n-\-l (where n can assume positive integral values, defines the 
radial quantum number. 

Unfortunately none of the above operators commute with the total hamil- 
tonian II as given in equation (10). But it can be readily shown that to a first 
approximation, jg commutes with H, where is the z-component of the total 
angular momentum j (= 1-hs) of the particle. Thus one can take the actual 
eigen function of a single particle in an ellipsoidal field as 

... (i.-;) 

Using this wave function the energy eigen values ean be easily calculated from 
equation (10) from a set of secular equations. The e3q)ression for total energy of 
a single particle moving in an ellipsoidal field is 

E^Njga^a^) = (^'H-3/2)fecoo(ao«3)+^A;V <F> W 

The evaluation of < 72 > is shown in the appendix. 

The parameters x and in (16) are so chosen that the energy levels corres- 
pond to the Khnkenberg’s (1952) level scheme in the limit of zero deformation, 
{Uq a^ — 0). For A > 'w g.Sifev and x i® 6,05^ The parmeter// 
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iloliiied in equation (9b) ia of importance only when N > 2. In general, its value 
IS - 0.4. 

Ill calculating the energy eigen values ive have mlroclLiceci two new clefurnia- 
tiou parameters fi and y defined by 

— Acoay ... (17a) 

(in=- ^/? silly ... (17b) 

V 2 

A look at equation (3) will show that il 7 0 the surlacc of the nucsleus be- 

comes a prolate spheroid about .Z'-axis and if 7 ^ n it is an oblate spheriod. 
Ill between these two values of 7 the surface is a general ellipsoid. 



1. Tlio variation of tho onorgy mgon values of a single particle moving in an anisotiopic 
liaimoiiio osoillator potential with y for N ^ and 1, 
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We have taken ji as O.U which approximately corresponds to the deformation 
of (as calculated from the intrinsic qnadrupole moment). The variations 

of the energy eigen value of a single particle with y are presented in figures 1 and 



Fig. 2. The variation of tlio onorgy oignn values of a singlu ]iarUolo wil/li 7 for iV - 2. 

2 for ^ ™ 0, I and 2 respectively. From these ligures it is olivious that the posi- 
tions of the energy levels depend sensitively on the choice of y. The eiiei gy levels 
of a single particle in a central field appi-uximation («„ = a, 0) have also hern 
shown in figures 1 and 2. Figure 3 illustrates the variation of the paramclor C 
With y, 

Sini'C the interactions between the mioleons are neglected iu assuming an 
average field, the total energy of the nucleus is simply given by the sum of tlio 
energies of the individual particles. In tliis way total energy of the Ca^‘’-cor(' 
part of Lu^”* is plotted against y in figure 4, from which one can see that there ai r 
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two minima, one at 7=0 and the other at y = 27r/3 of whicli( the first corresponds 
to a prolate shape. It is rather surprising that such a minimum should occur at 
y — 27r/3, which does not preserve axial symmetry of the nucleus. Up till noiv 
we have not bee] i able to explain this, but this may be smoothed out if one goes 
above the magiu Jiumber 20. It is found that the difference in energy is 
appi-oxiniately 2 Mov botwoen a prolate and an oblate nucleus which is rathei' 
oncouraging since the nuclei under our consideration prefer a prolate form. 

Similar calculations for N:>2 are in iirogress and will be leported in duo 
course. 
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APPENDIX 

2' he evalwiium of the matrix R 

For iV ^ 2, it is easy to see 

< ie > - < \ . B\Ni > ' ... (la) 

= .#1 r(H-i)i>'-U) 

r(»+«-v+i) r(»t'+«--v'+i) J 

y' r(H-o--i-i) 

^-1 (r)!('/i'— (7) ! (cr-|-v — w)!(o'-]-v' — n)\ 

.J J ^ <121^0 1 121' I' ^ > . < /200 I /2/'0 > . 

\ 471 ^ 2/' + l 

-2<l'l',S',\l.N\ll,N,> ... (lb) 

where v = ^l'—l-\-2) 

v' - l{l-l'-\-2) 
and t ~ ^(^-f ^"+3) 

The condition on the summation variables cr is 


cr > 
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Tho Clobsch-Gordon coeificieixtB appearing in equation (lb) are those defined 
Condon and Shortley (1036). 

The non- vanishing elements of < Vl^ 8 J | ? . N | X > 

are V(W) iW'l') - (2*0 

and 

<lh,±i\l.S\lh±l'>^±ih (2b) 

Id (la) the y22(^^^)"l' 1^2-2(^0) bas been neglected since ni the first order 
approximation, its contribution is negligible. The non-diagonaJ terms (J\^ -/ N') 
m equation (lb) are also of second order importance. 
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EXTENSION OF THE TABLE FOR THE CALCULATION 
OF SURFACE TENSION FROM MEASUREMENTS OF 
SESSILE DROPS 

K. G. PARVATIKAR 

Depautmknt of Physics, Karnatak College, Dharwaii 
{Receimd for publication^ February 13, 1958) 

ABSTRACT. The ualculations presented are on extension of tlio work of Tawde 
and Parvatikar on sossilo drops. A table is prepared of the values of a’^jr^ against hjr in 
the range from 0 570 to 0 978 at interval of 0.001, ( 

Tlie use of sessile drops for the measurement of surface tension Has been 
suggested by several workers such as Worthington (IH85), Fergusson'^ (1913), 
Rayleigh (1915) and Porter (1933), but it is only recently that the methtod was 
placed on better foundations for exact work by Taylor and Alexander (1944). 
These authors have fitted up an empirical equation from which the values of 
a^jr^ are obtained for the corresponding values of Iijr whore is the capillaiy 

constant which connects the surface tension y of a liquid by the relation , p 

OP 

being the effective density of the liquid, r, the radius of the sessile drop and h, the 
height of it from the equatorial jilane. Thus the final derivation of surface 
tension from the knowledge of the measurable quantity hfr involves the use of the 
tabular functions conncc.ting hJr with a^Jr^. 

Recently, Tawdc and the author (1951) have shown that this function ol 
hjr and could also be obtained by modifying the standard tables of Bash- 
forth and Adams (1883). The table thus drawn up from fundamental considera- 
tions has been put to a rigorous test for its usefulness by using the experimental 
measurements on sessile drops. By a critical study, it has been shown that 
this table is equally dependable for applicability to experimental measurements. 
This table gave values of hjr and a^/r^ for the values of fi {ft = 262/a^, whore h 
is the radius of curvature at the apex of the drop) ranging from 25 to 60 al 
interval of unity and from 50 to 100 at interval of two. Later, Tawde and 
Parvatikar (1954) have prepared a more detailed and conprehensive table of hjr 
vs. a^jr^, but, however, only in the range from 0,6100 to 0.5708. 

Now it is intorosting to consider whether it is necessary to extend this table 
beyond the range for which it was worked out. It can easily be seen that fo)‘ a 
given area of a flat circular tip, the drops of a liquid formed on the tip will not have 
diameters beyond a certain limit. Thus the range of the shape factor hjr of a 
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TABLE I 

hjr vs n->r~ for sessile drops. 




TABLE I {contd.) 

. a^jr^ for sessile drops. 
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.0099 2 0273 2 0447 2 0621 2 0804 2 0995 2 1185 2.1376 2.1567 2.1757 



TABLE J {contd.) 
hjr vs. a^i'r- for sessile drops. 
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liquid is goverjiod by the tip used. This raiij^e can be easily altered by employ 
ing a diff’erwit tip Tlierelorc, if the table of Jjjr vs. is limited in its raii^^ 
a suitable tip will have to lie chosen so as to loim drops of a liquid having /?,/- 
within this range. 

It can be seen from the observations of Taylor and Alexander (1944) that 
tins sliajie factoi hjr is within the range 0 40505 and 0.4S402, whereas this range* 
is lietwcciii 0.5203 and 0 5539 for the observations of Tawdc and the author (1951) 
This shift of range of kjr is to be attributed to the different tip employed for the 
formation of drojis. But- it is a [loint to be noted here that r oi hjr does not vai y 
much IVoin eacdi other in the two sots of observations This is to be expectcrl 
due to the cncular tips einjiloyed m the two independent investigations having 
nearly tlie same diainetei . Unfoitunately, since llic diameter of tlie Hat]' circular 
ti]) used lias not licen givmi by Taylor and Alexander (1944) in their pajjer, it is 
not possible to verdy the above conclusion But the experience ol the author on 
similar experimental investigations shows that the conclusions drawn may' not l)(‘ 
far Jfom truth. Tlierefore, if tijis selected vary widely, it- is possible to produce 
drops of liquids having values of fijr in diffeieiit regions The standard tables 
of Bashforth and Adams (IS.S3) m the case of sessile drops are at intervals 0.1 
in jl in the range 0.0 t-o 40.7 As ])oiiited out. earlier the table ol hjr vs. a^jr^ has 
been worked out- only in the range of lijr — 0.5100 to 0.570S (or ji — 22.0 to 40.7), 
and therefore, it is thought desirable to cxtcml this table for the remaining values 
of ji available in the woik ot Basblorth and Adams This has been done and a 
table is drawn m the range of // — 0 0 to 22,0 The method of calculation to 
obtain the values of hjr and was the same as shown in the earlier work 

Direct interpolation was u.sed to arrive at rr/r- corresjioiidmg to the desired 
value oi/ijr The table thus prepai ed is given below with hjr values at interval ol 
0.00 L This table allows for direct iuteqiolation of intermediate values of hj't 
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SPIN OF AN ELECTRON FROM FIVE-DIMENSIONAL 
WAVE EQUATION 
C. 0. BANERJEK 

DKrARTMKNT (IT’ TuKOltli'I’KHt I’llYSIPS, 

Indian Ahsoctation I'oit this Olil’I’ivatjon ok KriuNcE, .1 miavtuh:, C'aloijtta-IJ^ 
{Rcc(‘toed for publiciitiou , Fcbruan/ 13, 1058) 

ABSTRACT. 'J'Ijo authoi' attompte a gonoial Molution of f(v(^ (liinonsinuiiJ jmalofifuo 
,ij Kliiin-Gordon oqualaon and finds that an nUimsio imgulai irioniuuUini of Iho tdoction 
simjliii lo tlio Hjiin appoai's as a (sonsoquonco of tlio solution. 

1. J N T R O U C T ION 

Til a picvioua paper the aulTior (Bancrjee, J957) lias obiained SoinnuTtolfTR 
liiK’ stiTiftiirc formula in exact form from five (Ijmeiipioiial analogue of the Klein- 
Oordon wave equation. There it has been found that tlie introduclion of iJic fifth 
co-oi'dinato influences the energy levels of Ihc electron in the same way as 
llu' existence ot its spin does it may lie remarked here that the connection 
licteceii the fifth co-ordinat(‘ ol a parliete and its sjiin is not, however, apparent. 
The idea to represoiiL the motion of a particle in five-diinensional H])!ice-time contj- 
luiinn has engaged the attontjon.s of Kahr/a (1921), Kl(‘in (1929, 1940), Einslein 
(19;il, 1932), Pauli (1938), Wilson (192S), Fisher (1929), Flint. (1940), dorben 
(1902) and othoiT , they have, however, confined themsolves to purely theoietieal 
lines 111 has been felt that it ina}^ be worthwhile to see how the idea (ares with 
r(’giird t o its praclie.al application and this feeling has ciiahled the author to ohtaiu 
SoinnKU'fcUl's fine structure formula which rcsiilf gives us the h()})e that this re- 
presentat-joii may thrown more light on the mysteries of (pi.intum phenomena 
h IS further hoped that further investigation may give us better insight as to who- 
tliei or hoAv the fifth eo-ordinatc is connected to spin. 

The author in the jirevious paper ha.s obtained for the five dimensional equation 
a special solution when the two of the four (piaiitum numbers eomcided Tn the 
[iresenl paper that restriction has been removed and a general solution leading 1o 
the appearance of four quantum numbers has been obtained, Tt has been found 
tlial the square of the angular moincniuni has cigon values jij | I)?j^ where 
J - d|- 4; the appcaraiiee of half integers indicates that spin of the electron has 
ciilered into picture in a subtle way. The extra quantum uuinher which appears 
lioioas a eousequeiico of the additional co-ordinato, does not affect the energy 
Irvels of the electron subjected only to a coulomb field. 11 is necessary to pursue 
ill*' line to find out wliat part the extra quantum number plays in atomic and 
J'ucloar processes. 
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2 . UEJSIKJiAJ. SOEUTJON 1) K THE WAVE EQUATION 

The lehitivial-ic wave oquatioji in polai co-ordinates in live climensioJiH 
"I veil by 

d-ijf :j Ot/j 1 1 d f dij/ \ 1 

dr^ ^ r dr ^ r- sin- !»m dO r- sm‘‘^ ;Y siii“ 0 


1 ^ \ / . 27? Z'^ar,\ , 

r^siTi^'v 


wbero 


W“ — fH.,?C^ .yjr, » ] 6“ 

“ — , 7? = Ir Za- and a — ^ 
%-er h(’ 


(Tfiis e(^uiiiioii js tlie bJUne as the equation (la) of tJie j)reviou,'^ paper). 
Wo may sejiarate Uu^ above equation into tavo eijuatioiis given Ixdow 

r^ I d^&r , II di/Jr , / . 27? , ZV“\ , i ,,, 


and 


1 ' /sill (7-79 ' 1 '^'1' 1 J ^ 

sm-y Sill ty (?^y\ ^ <10 )' i//p siii-y sin^ ty i//.^ sin*^ y dy 

ntrz) 


(-’) 


(S) 


wliere I is a iiositive integer. The equation (2) leads to the hue structure formula 
III exact lomi vvliieli bas been done in the previous j)a])cr and the equation (II) 
may be split up into two lollowing e(j[uations . 


I _i .P<h)\ 1 A ^ . d-ij/v _ 

ijfQ sill yy (9yy(’'^^^^ do ) ^ i//^‘ sin-?y 


1) 


and 


1 d 

fx 


siir y 


I -) X ^ pip- -I' 


I) 


... {^) 


(■">) 


where p is a positive integer. 

l^he equation (5) beiannes on substitiition — (siny)“- w where to is a funetioii 
of y, 


silly)-- I ^ ( silly ) H (i+7)(i |-;i)co— w 

Lsin X Ox \ Ox / Bin- y 


(«) 
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i^ntUng j — and q — jo+i and since (sin ;v)' '/ d 

,r(; liavo 


1 0 
sin X <^A' 


sin X 




siii“ X 


0) -- 1) 


... (7) 


riic solution ol the ccinatioii (7) is P/ (cos x) and this is cx|)rcHSil)le iii the Ibvm ot 
,i rational iiitcjiial function of cos ;\; and sin x ^vhen j- q is a positive nilegei 
(TJioinson and Tail, 1S79) Hence the tiine-iiidc])cnflciit (//-limction in live- 
dim ciisional c.oiitinuiiin may be written as 

1 / - t//,.. P/^{cosO) (sin;v)“' Pj+\jl (c-os y) .. (S) 

^vdlcl‘c i//^ denotes the solution of the radial eipiation (li). The above solution 
l odnccs to our solution in t lic previous paper nhen Tt is sei'ii from tJie general 

solution friven above that it. contaiiis an extra ((uaiitinn nuinbei {'jj) which, Jiow ever 
docs not affect the cif^en energies ol the bound electron Further the appearance 
of half iiitegcis makes one feel that the spin of the ehutron has been embedded 
ill the formalism in a curious way. 


1 N T R I N iS 1 C AN (d U L A R JM O M N T U M O R SPIN 

In tlirce dimensional space (/ c. foui dimensional conlimmiii) the scpiare ot 
the angular momentum operator is given by 


ro T-‘. [1 / • zi \ , 1 1 

lh,ooor'‘^,y>}\uro nr. 


Ilciilacmg by — vve have 


L'^ 




(Oa) 


m 


We maintain that in our four dimensional space (v r. five dnncnsioiial fiontmuum) 
the S(|uarc of the angular momentum opera! oi, which we shall denote by J'^ 
inaintains the same form as in tliiee dimensional space. 

Now from eiiuatioiis (0) and (7) we have an operator 


-1r 


■_ 1 _ d_ 
.siii^ Ox 


Sill X 



Mhich has the desired form and we associate this operator in our four dimensional 
spai.e as the square of the angular momentum operator. The eigen values of this 
<']jerator is evidently given hy j(j -{-1)11^ and hence J — + When I — 0, 

we have ,7^ ^ 3/4 ^2 j ^ 9^ = ?»/2. Since I == 0 corresponds to 
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the slate of tlie partiele iiidepciidcnt of <9, 0 and x may assign these values to 
he cine to the; inlriiisie angulai* momentum or what is ealled the spin of the particle 
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THE STUDY OF NOISE PULSES AND A LIQUID 
SCINTILLATOR 

BRAT PAL SINGH*, H. S. HANSf and P. S. GILL 

Disparxment of PnYSioa, Muslim University, ALiaAuw 
{litceivtd for publication, January 20, 1968) 

ABSTRACT. Analysis of noiso pulsos of IICA photorauHiphor .''i819 has boon ino do 
AMth about 3.60 volts hetwoeii photooathode and first dynode, Tho diftoroniial distribution 
of noiHo pulses has boon studied nt difforont voltagoa imd tomiieraturoa. Two distinct 
distributions are apparent in thoso curves. Ono has boon inloiproted as duo to thermal noiso 
luid tho otbor duo to after-puleos caused by ion feedback. Response of stilbone in xylene 
luiuid scintillator has been studied for Co““ gamma-rays witli high collection olTiciency and 
at low tomfjorature. f>om the differential distribution of thoso jnilsos, I ho Compton edge 
due to Cofio gamma-rays is clearly indicated. 

1. INTRODUCTION 

Tt is well known that tho collection efficiency between the cathode and the first 
dynode increases at high voltages between the two (Engstrom a?., 1952). lint 
at these high voltages the noise in tho photonniltiplier also goes up (jonsidorably . 
The pulse height distribution of these noise pulses is of considcrahle iinportanee 
especially when the genuine pulses are of small size, as for oxanijile, in liquid 
scintillators. 

The origin of these noise pulses has been the subject of analysis by many 
workers (Engstroin, 1947;Ilodda, 1949; Morton and Mitchell, 1949; Curran, 1953 
. 111(1 others). From these investigations it appears that tlie main causes ol the 
noise may be summarised as (i) amplified thermionic emission from the photo- 
( tithoOo, (ii) positive ion feedback, (iii) the generation of photons inside tho photo- 
iiudliplier and (iv) ohmic leakage. In the early work of Engstroin, Rodda and 
others only the integrated effect of tho noise pulses i.e. the noiso current was 
studied. Morion and Mitchell made some studies of differential distribution of 
Ihc noise pulses. Later Mueller (1952), Harrison (1952) Davison (1952). Lantcr 
and Corwin (1952) and Breiteuberger (1955) studied the after -pulses winch are 
mainly produced by the feedback of ions created by the electrons of tho main 
f)ulse. 

A systematic study of pulse height distribution of the noise pulses was thcro- 
lore essential to analyse the pulses from the liquid scintillator. This also helps 
oiK^ to understand the origin of the noise pulses 

* Roaoarch Scholar, Ministry of Education, Govornmont of India, 
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2. EXPERIMENTAL 

For the study of noise pulses, RCA pliotoiiiultiplier 58 ID was mounted in a. 
light-tight ehainher. Tlic assembly whieh contained ihe 5S19 tube W'ltli Mu- 
magnetic shield, associated voltage dividing resistanec network, and (;athodo fol- 
lower (scintillation licad), was eniilosed m a therm ostatieally controlled cabiiict, 
The temperature in the cabinet could be varied from 3(PF to 75^F. 

The voltage bidween the cathode and the tirst dynodc was about seven times 
the voltage between the othei* dynodes m ordiu- to get very high collection efficiency. 
The pulses from tlie cathode follower were fed to the Atomic’s linear amplifier 
model 204C and the pulse height analysis was made liy Atomic’s pulse height 
analyser model 510, after which the pulses were st aled and recorded. ; 

Slilbene in xylene (3 gms/litre) introduced by Kallmann and Frustl (1050) 
is our liquid scintillat.oi , whose response was studied foi (lo'’” gamma-rays A 
thin-walled glass cell (diameter 4 8 cm and length 11 cm) was filled with the Wiint-i- 
llat-oi' liquid solution and was eovcrofl tioni sides with alunihnum to serve as 
roflect'Oi . The cell was fixed to the photomultiplier wdth silicone grease, wuth 
a jicrspex inoce in between to provide a flat siudace and to aid as a light pipe. 



t'lj:. J Difforoiitiul i)u]s(! Jieighi Hiiri-triim ol noise pulses al various iotal voltages 
ujjpliod to tlio j)l)olomu]tip)ior Avhon till? tempei-atnip ol the photonmltiplier 
was Icopt constant at 4i"»" I*’, 
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For atiahiiiig a i)arl.u‘ular tciiii)oraturc the flystoiii was loft in the cabinet 
lor al)oiit lioiii's to attain the ecjuilibrhnn, wliich was checkiMi by obsciving 
iln> counting rate at a pai-tlcular pulse lieiglit uhicli rcuiained constant w itli time. 



2, niJIcMcntiiil pulfit? luitghi spoclmm ol iioiHO pulnoH at vaiioiiB total voltagoH 
a]))j|ioLl to tljo pliotojnultiplioi' vvJion tlio tolnpomtuio ol (ho i)liotomii,tii>lior 
mis kopt coiiHtaiit at Gl)“L'\ 


3. 0 B S 11 V A 'ly ON A N B B E S V b T 8 

Figures 1 and 2 show the curves ol differential distribution of noise pulses 
at dilferent voltages, keeping the temperature constant, AA'hile figures 3 and 4 shoAv 
tlie curves at different teiuperatures keeprug the voltagt‘ constant Voltages were 
varied from 900 to 1050 volts while the temperatures were kept at tlirce different 
^^ettiugs, 37 “F, 50°F and 69°F. 

An interesting leatuie of these cuives is tliat oath curve appears to consist 
of hio parts, the first part coming down smoothly and the second part having 
a maximum Also it is eloai from the curves that the total noise is decreased at 
lower temperatures and lower voltages. 
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Fif^uro G givtiH ilio clisiributioii of the pulscH from the liquid scintillator for 
(- 0 “*^ gamma-rays, after substracdiiig the background. Peak duo to Compton 
edge is clearly visdDlc. It was noted that only xylene without stilbene did not 
give any pulse above 4 volts. 


4. DISCUSSION 

Though the first part of the curves for the noise imlscs more 01 less resembles 
tlie trend of tlie curves repoj‘ted by a number of workers, (Morton and Mitchell, 



^£/0//r /A' l^QLTS 


Fig. y. Diffoientuil yiulso liejght spootruiu of noitjos ut vaiious toiupornturos of the 
phoLoinuUiplior w^hen the total voltage on tho photomultiplier was ko))t 
constant at 1000 volts. 

1949 and others), the second part with a hump seems to be a peculiarity of these 
curves. Comparatively very high voltage applied between the cathode and the first 
dynode appears to be the main, difference between this experiment and that ol 
other workers. 

In our conditions, the gain of the photomultiplier could be taken roughly 
as 4 X 10'*, the total stray capacity at tho anode as 10 pf and tho gain of the linear 
annilifior as SOOO. One electron from the photocathode, therefore, gives pulse of 
about 4 to 6 volts. 
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The pulses due to ohniie leakage arc known to he siiiall in size as discussed 
ny Morton and Mitchell (^nc, c?7), Eugstroiii (J947), Rodda (1949) and olhcrs. 
I’liev’^ aie expected to he around or below 5 volts 1'herelore in the analysis 
of these curves, we need (‘onsuler only thcrinioiiK noise and ion ieedhack, as the 
main contrihuting lactors. Accordiiif^ to the above aid hors also, these two effects 
I oiitribute most to the noise in the region ol oiii interest. 



1 JJitfoioiitinl ])ulso hoiglil b|ioc;truta ot noisu jiuIhos atvuiiouh lein) iei’al,m os 
ol t.lio ])hotomiilripluT wimii (.lio (.oUil voliago on t.lii* iihoiomuIt.i|i]ior wius 
kojily oonsiant iii 050 volts. 


As mentioned above, the hump jionion in our curves afipears to be related 
with the high voltage between the cathode and the first dyiiode. Idns is borne 
out by figure 1, where at an overall voltage of 900, when the voltage ludAvecn the 
(■athode and the liist dynode is 3115 volts this iiortion disappears, wliiIc at. overall 
voltage of 1050, wdien the voltage betw'ccn the cathode and the first, dynode is 
o!)0 volt.s, this portion is very doiniiiant The fact that the pulse height, in this 
])ortioii are comparatively high, rules out the possibility of its arising fi'oin any 
other dynode, except from the cathode. It also axipears that this is due to some 
secondary effects, connected wdth the initial electrons starting from the photo- 
t athodc. It IS w'cll knoivn that the thermal electrons, which are the only primary 
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{'Icrtrons from the cathode in onr case, give noise pnlst's whose pulse lieighi distri- 
bution curve comes down smoothly following some sort of distnbntitni law. Most 
of the curves of noise pulses found in the literature hear this out They arc 
normally taken at comparatively low voltages between the cathode and the 
hrst dynode where the positive ion feedback effect will not be dominant and 
tluircforc the curves may be assumed to bo wholly due to thermal noise. Normally 
change of voltage is expected to change the number and the pulse height but 
the general trend of the curves due to thermal electrons should remain the same. 

The most predominant secondary cause of noise pulses is the positive ion feed- 
back The primary electrons starting from t,he cathode may loiiiy.e the atoms 
of the residual gas, which on reaching the cathode may release further electrons, 
to give one more pulse. These ymlses arc expected to be delayed with respect 
to the primary ones Though this effect should be yucsent even at comyiara- 
tivcly low voltages, its yirohability of occurrence shoots up at higher voltages. 
This IS borne out by Huxford (1 030) who yilotod y, the avei-age number of electrons 
released by each iiositive ion falling on Os-Ag-0 jihoto-surlace, versus the field 
through which jiositive ion moves It ayiyiears from his cuivc that while y remains 
loiistant at a value of about 0,5 for fields loss than 1 50 volts yier cm, at higher lields 
the value of y goes iiji (jiiitc steoyDly so that at 250 volts/em, y is about 4 and if the 
trend of the curve is assumed to remain the same even for little higher fields, y for 
.‘ifiO voKs/cm or so may be still higher. The trend of this curve for y suggests 
that it is feasible that after a certain field lietween the cathode and the first 
dynode, the pulses, duo t,o yjositive ion feedback may attain heights, to deviate 
iipyireciably from the eurvos due to the yDriinary eh^ctrons. The above arguments 
tlioriifore, suggest that the humped portion may be attributcfl to the yiositive 
ion feedback. 

Photons produced inside the yihotomiiltiyilier due to do-excitation of the 
icsidual gas may be ruled out as the cause of this yiaiT of the curve, because the 
efficiency for cleeti'oii emission for jihotoiis is extremely small It rcipnrcs about 
25 yihotojis lu the yilio to -sensitive region to emit one electron 

Pulses due to positive ion feedback which are delayed with respect to the 
firmiary ymlses, have been studied by Harrison, (1952) Davison, (19.52) 
Muelloi ei al., (1952) Lanter and Corwin (1952), and Brcitenberger. (1951) 
According to Harrison the amyilitude and the distribution of these 
JN consistent with their being caused by single positive ions, yiroduced 
by the electrons of the mam pulse. Mueller et (tl observed that after-pulses 
which are produced by the initial pulses due to the single electrons, arc of the 
same height or slightly taller than the mam ymlses. Lanter and Oirwiii, howevei, 
obseived that at higher gain the maximum height ol the aftcr-jiulse corresyiouds 
It) more than one photoeloctroii and deyieiids on the height of the main pulse, 
n appears from the oscillograph traces given m this paper that, the after-pulses 



190 


n. F. Singh, H. S. Ham and P. S. Gill 


follow some sort ol dislTilnitioii law iii heigliLs. Bill aceordiiig to Davison, llio 
numliev, Iml. not ilie ainjiliiudc of tlie afloj -]mlso.s seems to be related to tlie ampli- 
tude of the mam pulse. Fui thei , lie oliserved that the visual eomparisou of tlu' 
alter-jiulses produeed by a single cicetioii seems tu mdieate that the pulse height 
distributions of the two are identical 

At' the low voltage lietweeii the cathode and the first dynode the value of y 
as given in tJi(‘, curve of Huxford is of the order of 0 5, which may be iiiterpi eterl 
that the after-pulses will be mostly due to one ideetron This seems to be borne 
out by the experiments of the worki^rs mentioned above. However, at compara- 
tively high voltages at; which the present ('xperinients w’ore larried out, iiio- 
babilit.y of emission of moi‘e than one electron is apjireciably high. It is even 
possible that the iiiost probable number ol electrons emitted by a single pfisitive 
ion at- high voltages may be five or six eti* in which case one should expect a sort 
of pulse height distribution with a maxima coi responding to the averagd, value 
of y This explains the hump in our curves. ' 

ill figure f) the first part of the curve of figure 8 is replotted on a seinilogai itli- 
mie giaph Two interesting facts emerge from these curves, firstly, these curves 
follow more or less a parabolic shape and secondly, at higher temper at. ures and 
higher voltages a deviation from the jiarabolic shajie is obsin ved. Tt seems that 
these (hwiat.ions are due to pieponderaiice of small pulses caused by ohmic lealc- 
age or certain cffei'ts arising from dyiiodes. The jiarabolic shape confirms oiir 
c.onc.lusion that the first portion of these curves is mostly due. to th(‘imionic 
emission Irom the photocathode. 

it is further clear from the curves in figures 1 to 4, that. (I) the number of 
noise imlses decreases at low tem|)oraturps. (2) the number ol pulses at highei 
])ulse heights docrcasiis more slowly with temperature than the number at the 
smaller pulse heights^ (3) the number of small pulses seems to go iij) very lapidlv 
with higher voltages and (4) in general, the strueturc of the curves remains 
the same. 


r.. KESI’ONSE OF STILBENE IN XYLEME LIQUID 
•SCINTILLATOK 

Lumnieseenct! elliciency ol lirpnd scintillator is much loss as compared to 
Nal(TL) crystal. It should, therefore, be quite interesting to study their respoiisci 
under our conditions of extraoidiiiary high collection cifficiency. 

The scintdlators contaiinng atoms of low' atomic number, like the one in this 
experiment, l espoiid to gamma-rays of about J Mev, mainly through Compton 
effeet . Go®” emits two gamma-rays of energies of J.17 Mev and I 33 Mev. Under 
very good conditions the two Coiiiptoii edges due to Co®” gamma-rays have been 
clearly iiidieated by McTiityre and Hofstadter (1950) using Nal(TL) crystal as 
detector. 
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Stvdy of Noise Pulses amd a Liq^iid Scintilla foi' 

6 gives the cliHe^rcntial distrilniiioii ol pulses fVmu stilhene in xylene 
liquid scintillator with ganima-iays This spectrum uas taken with 390 

M)|ts betw een tlie catliode and the liist dyiiode and at a teinjieratTiro of 37"'F. 
riicse ccmilitions. incj ease the eolleetnm efficjeiicy and flecj eas-e the noisc' jiulscs. 
Tins curve was draAVJi after suh.stracting the noise pulses of the type luentioned 
cai her. 

The peak at 9 volt.s may he interpreted as due to Compton edge At 1 Ivolts 
■d.-o there is an indicatioji ol an edge Jf the peak at 9 volts is takcji to he due to 
Compton edge of 1.17 Mev. gamma-rays and if the seintdlator is assumed to he 
Jiiicai, the CJompton edge due to 1.33 Mev gamma lays should come out to he at 

10 () volts However, one should he cautious m attributing the (Vmipton edge at 

1 1 vailts due to 1 33 Mev. gsimina-iaya, because the jiriinaiy ](ulses IVom the scintil- 
lidor aie also expected to give after-pulses which will havetheii maximum at about 
IJ volts These aftei -jmlses cannot be subtracted. Though then- number is 
c\])ccled to be small still it can not be ruled out that the edge at 11 volts may bo 
mostly line to them Also heoause of low luminescence efliciency the sciiitjUator 
IS not exjiocted to be good enough to resolve the twm (k)mptoii edges. L’eak at. 
9 volls IS, of course, de.linitcly duo to Compton edge of Co'*'^ gamma-iays 

A comparison Avas made of pulse heights produced m NaI(Tl.,) and stilboiie 
iji xylene by the same oiiorgy gamma-rays iindci’ t-hc same conditioiifc This 
gave the ratio of photoelectron yield of oiii liquid scintillator and hJaJ(TL) as 
0.0045 for gamma-rays of Co'’*’’ 
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ON THE RAMAN SPECTRA OF SOLUTIONS OF 
ORTHO-CHLOROPHENOL 

DEB KUMAK MDKJJEK.IEE 

J)kfartment, Indian AHsoniATiON I'oit the Cultivation of iScienoj!:, CAT.uuTTA-Si 
{Rcttivcd Jor }jubliiation Fcbruati/ 4, I!)5S,) 

Plato V 

ABSTRACT. "I’Iid lUinum Hporlm ol in% and .‘10% of o-clilorophoiiol m 

oarljon ioti'iiciiloi'ido. cliloroforin a.nd cyclolioxana ha\-o boon invuMtiyniod aiifl Ihti riduti^d 
intntisil.y of i]i(» lino ‘3^3.3 cTn-i duo to () II \ alonc(» o.s( illation lia,s boon inoa,sino(| w'lili ros- 
pool to that of llio linn 1416 cm-i It has lioon obsorvod t3iat tho iiiUuiKity ijf (ho Imo 
inrroiiflOM Avlion tlio liquid is dissolviul in tlio solvonts and it mfioasos fiiithor whom tho ooii- 
ooiltration is ditnimshod from 3(1% to ir»%. It has hnon concludod IVoth tJioso roiults Ili.H 
at a vory low oonconl ration tho intonsity of (ho lino 36.33 cm-i is oxjjoolod to inciVaiho still 
fiirthoi It has boon pomtod out. (hal as (Ins lino is assignod l.o tho l)-H valonoe oscill.i- 
t.ion in tho molooulo with tho O-ll giou]! in tho I rnns position, siioh moloi.ulos bocotno laorlo. 
ininant in tho sohition al viny low oouoontiatioiis, and (hoioloio, tlio stioin; infrai’od absoi]). 
(.ion ]ioak at 01)10 oin- 1 obsoi vod in 01 raolal solution in oavbon tol raolilorido ounnol bo ascrihod 
to 0-H vibiTilion in (,ho group in tho ois iiositioii It is suggostorl i.hat. ( ho jioak niay bo duo 
to vjhration in tho O-H group in tho ( runs position utidoi tho infliionro of surrounding oarboii 
t.ol.rarhlorido molooulos l(. has boon suggostod (hat lulrarod ubsoiption hand .it 6010 cm-’ 
of (ho ]iuro Iniuid might bo duo to a oombinat.ion tono in (ho inuloriilo of cis form. 

I N T R O D IT C T ION 

It was observed by jiievioiis ttorkers that in the Kantan spectra ol‘ both 
pJienol and o-cliloro])}ienol there is a weak line of Raman freipieney about 
3520 ciir^ (Kolih ausc.h and Ponsratz, 1033, 1034) Widf and Liddell (1035) 
on the other hand, while studying the infraied absorption spiM-tra of solutions 
of oiganic. compounds contammg OH groiqi in carbon tetrachloride observed 
that the solution of phenol shows a. single absoijition jieak at 7050 c.nr^ w'luli' 
o-c,hloro])henol gives two jieaks at 0010 cin-^ and 7050 cm“^ respectively, the 
former being much stronger than the latter 'fhese peaks correspond to the 
first harmonic of the fundamental O H frecpiency 3520 cm-b and this diffenun c 
between the behaviour of o-chlorophenol and that of phenol was fust explained 
by Pauling (1030) wdio iiointed out that in the solution of o-chlorophe.nol there 
might be two tyjies of molecules, one having the OH grouii m the cis position 
ami the other in the trans position with respect to tho chlorine atom Erreia. 
and Mollet (1935) also studied the infrared abosrption spectrum of ])urc o-chloro- 
phenol in the region I.3/I-I.8//- and ob.served a peak at 0020 cm~^ in place of the 
two Jieaks due to the sohition in carhon tetrachloride mentioned above. Tlu' 
Raman spectrum of solution of o-cliloroplienol in carbon tetrachloride was latci 
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hi(lK*(l by Batuev (HUf)) who observed the OH line to bi‘ at .‘h53l{ ciii~^ in the 
i:,,niian spc'etruiii of the pure liquid and tlie solution also yielded only a single 
!iii(' at 11540 eni-h iteeently, Biswas (10.54) studied the Itauian sjjcetra ot 
; ( hloroiihcnol in the iKpiid and solal states and observeil that the line 35:}:i ein~^ 
Jii(‘ to 0-H valence oscdlalion persists even when the crystals ol the conijioiind 
,iiL' cooled to -1S0"C. The results reported by Batuev (1945) do not indicate 
tiuil the lre(|ueney of the O-Ti valence oscillation dinniiishes when the liquid 
is dissolved in carbon letrachloride and are therefore contradictory to those on 
l1i(‘ nifiared absorption in the region of 7000 cni~i re])orted by prevdous woikers 
II was, tlieielore, thought worth wlule to study the Banian sjiectra ol solutions 
ol o-chlorophenol in different solvents more carelully and to compare the inten- 
Mtv ol the line .‘15lhl cm ^ due to the pure liquid with that of the coiTesjiouding 
hue due to the solution in ordei to liiid out whether any changi; eilluT in the fre- 
(|iicnc.y or in the intensity of the line oicuis when the liquid is dissolved in simple 
(it’gaiiic liquids, The present fiapei deals with these results 

JO X 1* E K I M 10 N T A L 

'The solvents used for the stmly of the Banian spectra of the solutions were 
larbon tetrachloii<le, chlorolorm ami cyclohexane, the last one being chosen to 
avoid halogen atoms in the solvent moleiailes Ortho-chlonqilienol of laboratory 
reagent quality was ]iiu chaseifl Irom (hty Ohemical (^irporation of New Yoik 
All the liquids were distilled undci rerlueed piessuie, as nsual, and tlie Baman 
s|(ectia of 15"(, and 80“,,, solutions weie photograjihed using a Fuess spectrograpli 
liav mg a iliS])ersion ol about I I 5 A/mm in tlie 404(1 A region As the line 
;I5;}8 cm-i is veiy weak the sjiectra were photograjihed with long oxjiOKui'es to 
bring out this line c.leairly The spei-ti um was also photograjihed wdth the 
4il4(i A giouj) ol Hg Inu's cut off with rliodamine 0 OBM lilter m ordei to assign 
the lines correctly. As preliminary investigations indic.ated that the intensity 
of the line 8588 cin-^ changes when the liquid is dissolved iii tlie solvents incn- 
lioiicd above aitemjit wa.s made to estimate the relative intensities of ceitain 
lines using blacjkening- log-intensity curves whudi w'ero drawn with the helji ol 
imcrophoioinetric records of the continuous sjieetra of light from a tungsten 
Ilian lent lamp recorded w ith different know n widths ol the slit of the spectro- 
giaph As the line 8588 ciii' ^ is weak the background intensity had to be 
snbtrac.ted from the total intensity in orrlei to derive the actual intensity of the 
line Mici ojihotomctric records ol the sjieeiia were obtained with the lielji ol 
f Jvijip and Zonen tyjie recording microphoioineter 

RESULTS AND DISCUSSION 

kSome of the sjiectiograius arc rejirodueeil in figure 1 , Plate V and some of 
tlie microphotomctric records are reproduced in figure 2. It can be seen from 
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tlie Ijiitw figure that the line 3533 cm-i excited by the 4040 A line i« weak and 
broad jii conipariHon with a weak line at 1416 cm“^ excited by 4358 A line in 
the siiectruni due to the pure liquid, but in tlie spectra due to the solutions tlu' 
line 3533 cm ^ is much stronger than the 1416 cm-’ line. The ratio of the inlei^ 
sity of tlie line 3533 cm"' to that of the lino J4I6 cm-’ observed in the spectra 
due to the pure liquid and the solutions in carbon tetrachloride and chloroiorjii 
are given in Table I. This ratio could not be determined in the case of the solu- 
tion 111 cyclohexane, l)ut m this case the Kaman frequency of the line seems to 
increase to about 3550 cni-^. 


TABLE T 

Batio ol intensities ol the lines 3533 cni“' and 1116 cin"^ 


Substance 


o-Clilorophonol iiuro 

0.S470 

30% solution m CCI4 

1.55 

15% Holution in CCI.1 

1.88 

30% solution in 011(4;, 

1.47 

J 5 % solution in CHCL 

1 .02 


Figure 1(a) shows that there is no line of Hainan liequeiuy slightl}^ lower 
than 3533 cin”’^ m the spectrum due to tlie pure liquid The "infrared spociia 
oi the pure liquid in the region betw'ceii 6000 cm-’ )and 7200 cm-' “itudied by 
Errera and Mollot (1935) and of the solution in carbon tetrachloride studierl by 
Will! al (1935) show that in the case of the pure liquid there is a strong and 
broad absorption peak at about 6620 cm"’ with the indication of weak absorption 
at about 7050 cm“', anrl in the case of the solution there arc two absor]ition peaks 
at 6910 cm-’ and 7050 cm"’ respectively, the lormer being nine times as large as 
the latter. These peaks are assumed to be due to harmonics of the 0-11 valimce 
oscillations and the peak at 6910 cm' ’ due to the solution was assigned by 
Pauling (1935) to the harmonic of tJic oscillations in 0- H grou]) in the cis iiosi- 
tion of the molecule with lespect to the chlorine atom and tlie line 7050 cm”’ to 
the harmonic ol such oscillations in the 0-H group in the trans position 
Similarly, the peak 6620 cm-’ given by the pure liquid was attributed to tin' 
harmonic of the oscillation in 0-H group in the cis position wntb the oxygen 
atom of the 0~H group forming a hydrogen bond with the hydrogen atom oi 
the 0-H group of a neighbouring molecule. It is, however, surprising that tlu* 
Hainan spectrum of the pure liquid does not show', besides the line at 3533 cni^b 
another lino at 3310 cm-’ which would be the fundamental frequency corres- 
ponding to the harmonic at 6620 cm“’. Similarly, the Raman spectrum due 
to the solution in carbon tetrachloride does not show a strong line at 3455 cin"^^ 





Raman Spectta of SoliUions of OHho-Chkirophenol 195 

as the fundiimeiital of the harmonic at 6910 cni~^ obaervod in the infrared spectra. 
'Hiesc facts secin < , ' be anomalous. 
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Fig. 1. Microphoiomotnc locorda of Kainuu Hjiootra. 

(tt) Puio o-ohlorophenol in liquid state 
(6) 30% solution in CCLi- 

(c) 15% 

(d) Pure o-ehlorophonol excited with 4046 A.U. group cut oll‘. 

(e) 30 % solution in CHCla 

if) 15% „ CHCla 

iff) 30 % „ in cyclohoxano 

ih) 15% 
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It IS evident ironi tlie aI)ovc facta that probably it is necessary to find out 
an alternative interpietation of these inlrarcd absorption bands. As the Raman 
sj)ectruin ol the pnie o-clilorophenol shows a faint line at 3533 cm~^ this line 
is to be assigned to the valence t)S(;illation in the OH group which is not attacht'd 
to the chlorine at<jiu, sis in the phenol molecule. This line is produced evidently 
by only a vi-vy small perccntiige of molecules in the pure liquid The corres- 
ponding oscilliition in tlie cis xiosition of the O-li group insiy havn- almost the 
same frequency, but jirobably tlie O-H vnbiation in this case cannot be e^xcited 
without exciitmg simultaneously the C-H V'^alcnce oscillation of the molecule 
lienee we ex|ject to observ'^e a combination line of Raman shift about GOOO cm~^ 
and the corresponding banrl was actually observed by Errera and Mollet (1935) 
in the infrared region dlie band at 1 51// observed by them is j)robab1y nol 
due to the harmonic of O- H valence oscillation, but it may be due to the combiiiii 
tional mode meiitioni'd above. There is, however, a little absoiptioi\ m tin- 
region 7050 cm"-* in the curve reproduced by Errer.i and Mollet, and this', absorp- 
tion may be due to tin* harmonic ol the line 3533 cni-^ (*xcited m a very small 
percentage ol the inoh'cidcs, as observed in the Raman spectrum ol tin* iiuie 
liquid. 

Tins altei-native inteiprctation of the infrared bands of the ])ure liquid ih 
ollered, bee.ause thi' structure of the dimer which is assumed l.o be present in 
the pure liquid by J^auhng (1935) indicates the piesenee of two types of 0 H 
groujis, but in the Raman sjieetruin only one line due to O-li yahmet* oscillation 
is obseived Also, the foimation of the hydrogen bond between the two mole- 
cules IS ex]H‘cted to ])ioduce a shift in the electronic energy level with the change 
from the vapoiii to the liquid jdiase of the substance The ultraviolet absoiption 
sjiectra of the vmpoui and the lujiiid vvTie compared by Swamy (1953) but no 
ajipreeiabh' shift wm,s obsiTV^ed to take ])lace vvnth lii(uefaetion of the vajioiii’ 
although largo shifts were observed to take jilace with this ehangi* ol stab' in 
the case of parachloroplienol This shows that such a change in the eh'ctronie 
energy lev el is ]iiodu(;ed by tlie chlorine atom the influence of wdiich is diminished 
by the attachment of the hydrogen atom of the O-K group to it 

As indicat'd in U’ablo T the Raman spectra ol the solutions show that the 
intensity of tlie line 3533 cni~^ increases when the Inpiid is flissolv'cd in the solvi'uts 
and it increases further wdien the conceiitrati<in is /liinmished from 30 to 15“„ 
As this line is to be assigned to O-H vibration in the molecule with the 0-H groii|) 
in the trans position the number of such molecules increases with lowering of 
concentration ol the solutions. It is, therefore, quite unlikely that at a (‘on- 
central ion of 01 molal 90‘’{, of the molecules in the solution in carbon f etra- 
chloridc may have the OH group in the cis position. The strong peak at 6910 ciir^ 
observed liy Wiilf c/ aL (1935) is due to a 01 molal solution in carbon tetia- 
chloride and the interjirctation that 90% of the molecules in the solution hfivc! 



Baman Spectra of Solutions of Ortho^Chlorophenol 197 

tlu' 0"H group in the t;is position and that thesi' nioleenles produee tliis jieak 
iit flOlO oin-* has prohabiy to be revised in view of tlie results given in Table T. 
Jt has to be assumed now that at 01 luolal eoneentration of the solution in carbon 
(ctrachloride studied by Wulf vf al (10115) almost all the o-chloropheiiol inole- 
ciih'S have the O— IT group m the trans position It is, however, quite firobable 
ihat this conversion from the cis to the trans lonn is caused by the chlorine 
ntonis of the carbon tetrachloride molecule to which the hydrogen atom of the 
(l-ll group in most ol the o-chloroj)hciiol molecules may be loosely attached. 
Such an attachment is expected to diminish the fi’eciiiency of the O-IT valence 
(iscillalion, and this explains the dimimition of the fr(*qu(‘ncy of the harmonic 
trom 7050 cm“^ to (iOlO cm~^. The weak ]>eak at 7050 cm“^ is probiibly pro- 
duced by the small percentage ol molecules in whicJi tlie hyihogen atom of the 
0 -TT group IS not attached to the neighbouring (;arbon ti'trai'hloride moletiulcs. 
Tlie lowest concentration of the solutions oi’ Avdiich the Itaman spectra have 
lit^en studied in the jircsent investigation is 15‘’(, Even at this concentration 
th(‘ Raman hue due to the 0-H oscillation is \ery w(‘ak and therefore the 
majoiity of the molecules have the O— H gioup in the cis ])osition. At this con- 
ciMitration probably the O-H group in the tians position in the remaining few 
molecules are not attached to the neighbouring carbon tetrachloride molecules 
owing to the influence of the o-chlorophenol molecul(‘s with the 0-Jl group in the 
CIS position Mhich are still jiredommant m the solution at such a, conc'entration. 

Tn the case of the solution in (cyclohexane such a dimimition in the O-TT 
Irequeiicy owing to the inlhumcc of the molecuk^s ol the solvent is not exiiccted 
and it would he interesting to study the infrared sjiectruin of the solution in the 
rc'gion fj-oin 1 5/^ to 1 l/i. The fact that the O-H freqm*m‘y increasc^-s slightly 
III this soluthm shows that even in the pine liquid the intei Jiioleeular field slightly 
lowers ihe frequency of this vibration 
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Plate VI A &, B 

ABSTRACT. Tlio Htruotiim and proportios of Agavo vora ornz have been studiod 
with the helji of X-ray diffraetion analysiie. Thia parlionUir tyjio of loaf fibre, wli^ch is used 
by local woavoiH iii Rurina for making longyi, has not bo far ronoivorl duo attontiom aa far an 
its stiuctural atudy by X-ray method ih concerned. The lenglh of tho (002) arcs! has boon 
fuimd to bn groaUir than thai. m any baHt fibre. It lian also boon lomid that, unlilie cotton, 
the fltrongth of tho fibio docroasoH with tho dooroaRo m npiral angle and alHO that th(» stronglli 
of tho fibre docronsoM wil-h (,ho uicrcaamg concentration ol mcrceriBing Rolution. An oX])lii,- 
nation of this phonomonon has been incorporated in the pajior 

1. INTRODUCTION 

Jt iH well kiiowJi that cotton occupies a uuif|uo position in the lamily of natural 
textile fihies. Next comes ]utc which belongs to the ‘bast fibre’ group. Another 
group classed as ^leaf fibres’ is a comparatively newcomer in the domain of textile 
industry. Till now, leaf fibres are mainly used in coir industry. The bare fa(;t 
they have not made their mark as quality textile fibres in the pasi. does not neces- 
sarily rule out the possibility of their economic utilisation in the future. Tii 
fact, a particular type of leaf fibre — Agavo vera cruz, which finds its use in longyi 
industry in Burma, foriULS the subject matter of our present investigation 

An exhaustive study of natural fibres has already been made by many investi- 
gators (Meyer and Mark 1928; Sii’kar and Saha 1944; Sisson, 1948). The results 
of the investigations are so well known that a resume here may appear rcduntlanf 
Nevertheless, some salient features deserve mention. ’The chains of which a fibre 
IS built may lie either closely parallel to or a long a spiral path around the fibre 
axis. It was later suggested that all natural fibres have their crystallites arranged 
ill spiral manner. It should be pointed out that a very steep spiral amounts 
almost to parallel configuration. In ramie, crystalhtes are arranged in a vtfly 
steep spiral form, i e. in. parallel configuration. This so called parallel orientation, 
howsoever perfect from crystallographic point of view, is not an ideal configuration 
so far as textile properties of a fibre are concerned It is true that this perfect 
alignment of the crystallites in ramie provides to the fibre very good strength and 
rigidity, but there is an associated brittleness in the transverse direction. In 
cotton, the crystallites are arranged in spirals making an angle of about 30° with 
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Die fibre axis. Though cotton has less intrinsic streugtli than ramie, it is more 
icsilleiit and weaves into a softer fabric. 

The degree of steepness of a spiral fijxds its manifestation in the length of the 
(002) arcs. A cellulose fibre having crystallites ariangf^d in steep spirals will give 
an X-ray diagram having well defined spots. But as thi^ spiral arrangenifuit is more 
and nioi'c flat, i e. sjjiral makes larger angles to the fibre axis, the rofloetions are 
(haivn out into larger and larger arcs. 

The width of the (002) reflection, however, depends on the size of crystallites, 
iho fluctuation in arrangement of crystallites along the sjiiral and on the presence 
()1 constituents other than cellulose iii a marked degree. A correct idea ol the ori- 
(iiitation ami the size of the crystallites can, thcreforo, be obtained from the length 
and width of the (002) reflections It may be mentioned that the measurement 
ol intensity along different directions of the (002) reflection provirlos a good method 
of claHsification of fibres (Sirkar and Saha, 1946), 

It needs hardly any mention that a precise knowledge ol the molecular struc- 
iiire of a fibre is essential to have a deeper understanding and clear insight of the 
])i“operties of a fibre; and the X-ray diflratition analysis is the best available method 
for th(^ purpose. In view of the fact that the loaf libi’es have not yet received any 
systematic and extensive study by X-ray method, the present investigation on 
th(' X-ray study of the structure and properties of Agave vera cruz has been 
undertaken by us. 


2. EXPERIMENTAL 

Haw leaves of Agave vera cruz were retted as usual in our labor atoiy and the 
fj))rcs thus obtained from the retted leaves were thoroughly washed, dried and 
couibcd before taking X-ray photographs The specimens were prepared in the form 
of ii bundle containing about twenty strands, each cut into 2.5 cm in length. The 
iiidivitlual fibies in the specimen W'^ero made parallel to each other by applying 
fi hltle tension and the bundle thus made was fixed on a specially made specimen 
liolder with the fibre axis vertic.al. The specimen was then placed against the 
X-ray beam collimated through a slit of 0.05 cm in diainter and 6 cm in length. 
IMleicd Cu Ka radiation from a demountable ‘Haymax 60’ X-ray tube was used 
all throughout the investigation. 

Samples mercerised with W%, 20%, 25% and 30% NaOH solution at room 
temperature were also photographed. Two samples with different conditions of pre- 
ti catment were bleached by passing chlorine gas in the fibies kept m water. The 
physical properties such as fineness and intrinsic strength of the fibres, both raw 
‘uul treated with mercerising solutions of different strength, were determined. 

All X-ray photographs reproduced in this paper were taken with Uiiicam single 
crystal goniometer; the film to specimen distance in each photograph being 3 cm. 
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Calibration was made by taking X-ray pattern on the same film of a copper wi,,, 
whose spr^eJn^s are JfJioivn aceiiraiely, 

3 . results ANT) DTSCUSSTONS 

X-ray patterns of raw and treated i^gavevoraeriiz are reproduced in Plate 

VIA&B. Tho pattern dno to raw fibre (Fig. 1) corresponds to that of nal n o 

cellulose, tliougli some differences in finer details are observed. The cquatoi lal 
reflections Ai(JOl) and Aa(l()i) arc nearly fused together. The Ai(002) arcs, which 
ar(‘, most intense, end rathiT abriiptly and (iontinno with weaker intensity akni^r 
the diffraction ring. The spac-ings calculated from figure 1 (Plate VT A) arii 
given in Table below. 

TABLE 1 


U‘in.g« in A 

t.en,st(.y 

Pianos 1 

14 4r, 

w. 

? 

n 57 

jn.w. 

? 

.5 92 

R 

101 

.5 42 

H 

lOf 

.•).9.3 

V S. 

002 

6.35 

Ml.W. 

110 

5 15 

W, 

020 

4.3 

m.H. 

120 

4,2 

m. 

? 

2 56 

m.B. 

040 


The unit cell dimension calculatcrl from those spacings was found to b('- qmlc 
in agreement with that of native cellulose. It can be seen from the table above 
that three sxiatings whose planes are not identified rlo not belong to cellulose 
RXjaciugs. Figure 1 shows the xwesenee of a few irregular s^iots scattered all over 
the diagram. These arc due to diffraction by cahnum oxahite crystals present 
in th(; fibre. Our preliminary chemical analysis indicated the iiresciice of these 
erystals. Our findings do not support the siiggcsliou made by Kuho (1940) tliiil 
the cellulose present in Agave fibres is in the modified form, known as Cellulose T 
Out- chemical analysis shows that the cellulose content of this fibre is about 
75% and the next major constituent lignin is about 1 5%7 Two reflections near ilie 
central spots of spacings 14 35A and 9.57A (Table I) appear to be duo to hgiim. 
It is well known that stronger the cau.stic soda solution used for mercerisalioii, 
the larger is tlie quantity of lignin removed from the fibres It can bo seen IVein 
X-ray jiattcrns (figures 5, fi, 7, 8 of Plate VI B) of mercerised fibre that these tvo 
refleetiojis get gradually weaker as the strength of mercerising solution is increas(>rl. 
This suggests that these two spacings are due to lignin xiresent in the fibre. Anothci' 
reflection of spacing 4.2A(Tahlo I), intense on the meridian, seems to be due to 





\-ray dillratUon patleriis 
I . Raw Agave vera c ru/. 

Hlearhed fihie ( lignin pai Hally n moved ) 

^ '(( '{. Hleachcd fibie ( lignin reniovetj in liighei degree ) 
F'g. J. Filin kept in boiling water foi one hour 


Fig 







\-iay diflraclicHi patterns 
I'lR fj Merccristtl with i<i% NaOIJ solution. 

l-iR. h „ „ Lio% „ 

7 " 2:V/„ „ 

Fig H. ,, „ 
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^\ax in iho libro. That this spacing is due to wax has been confirmed by taking 
Uic X-ray photograjdi ol“ the dewaxed sample wliere Ihis particular reflection is 
aliseiit. 

All our X-ray photographs show that the (002) reflections are drawn out into 
au'S which are longer than those due to bast fibres. The length of the arc in 
( lie case of raw Agave fibre has been found to lie about fiO" (figure 1). The ex- 
Icnted arcs indicate that the pattern cturespiuids to cellulose crystallites orieiitetl 
Ml spiral form, the spiral making an angle ol 30“ vith the fibre axis Four laiuter 
incs dislributed diagoiially on the nicridian can also bo seen in figure 1. They 
^■oi respond in (021) lellections and are not as sharp as they are in ramie oi- flax. 
Tlic lack of sharfmess as well as the extension of the arc's in the luesont case may 
he due to the flat siiiral configuration A coniparisoii of the (002) arcs m figure 1 
\Mth those in the X-ray pattern of cotton showed that the aj(!s in the former arc 
much wider. This pionoiiuced width suggests that the sikc of the ci-ystallitcs 
111 this case is smaller, it also indicates a lower degree of lateral ortler and a marked 
fluctiiation ot the oiientation of crystallites aiound the spiral. 

X-ray photographs of two Agave vera ciuz samples from 'which lignin was 
removed in different dcgiee and bleached thereafter by passing chlorine gas 
revealed some interesting informations A eareliil examination of figure 2, 'which 
IS due to the sample from w Inch the lignin and other uitcrc'rvstalline materials wore 
removed only partially, show's that the ((K)2) reflection is sharper and the pattern 
as a whole is cleaner than those due to raw^ libie (figure 1 ) Figure 3, which is due 
to the sample from w hich the lignin and amorphous constituents w'erc removed in 
a higher degree, shows that the jiattern (figui e 3) is undoubtedly cleaner than figuie 
2 and the (002) reflection is almost as shaip as it is m cotton which is regarded 
as almost pure cellulose. It should be noted that the sticngth oi the latt,er was 
markedly less than the former (figure 3). This marked loss ol strtiiigih in the latter 
sample, therelorc, seems to be due to the higher degree of removal of lignin and 
other inter crystalline constituents A comparative study ol figures 2 and 3 
also reveais that the rcfleetioiis due to lignin of spaemgs li.dfiA and 9.57A are 
\(T>’ i)oor OI nearly absent in figure 3. This finrling suggests that lignin helps 
m iciaining the strength of the fibre 

11 may be observed from the X-ray photogra])h (figure 4) of fibres kept in 
l)ojling water for about an hour that the reflections arc sharper and the pattern 
as a whole is cleaner than those due to raw fllire. It is also to be pointed out that 
Die (020) reflection on the meridian is more clearly visilrle and the length of the 
(002) arcs is less than that in raw fibre, i.e. fi0“. This reduced length of the (002) 
airs and tlieir sliarpness indicate better orientation and crystallinity. No change 
111 spacings wuis, how^ever, observed, 

X-iay photographs of samples mercerised with 15%, 20%, 25% and 30% 
cnustic soda solutions are reproduced respectively in figures 6, 6, 7 and 8 
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(Plate VT B). A careful examination reveals that in all those photographs, in 
addition to the usual siiacings of mercerised cellulose, two reflections of spacings 
5 . 92 A and 5 4A due to 101 and lOl jdanes of the native cellulose are present. 
This shows that both native and mercerised cellulose (Saha, 1948; Sisson and 
Saner, 1941) are present in the samjiles. The morccrisation is not complete even 
ill the sain])le treated with I10%NaOH solution. The size of the unit cell calculated 
from the spacings in the nierceiised patterns, given m d’ablo 11 below, was found 
to be the same as that 111 hydrated cellulose (Sirkar and Saha, 1946, Andres.s, 
1929). 


TABLE TI 


SpaoingH iii A 

Inimisiiy 

Planus {hU) 

7.3(i 


101 

4.4 


101 

4.03 


002 

rt 2 


020 

4 35 


120, 021 

2 50 


040 

5 02 


101] 

i Natl 

5 4 


lOlJ 


In cotton, mei ceriKatiou was found to be comidete when it Avas treafi^d willi 
18% NaOH solution, but in the present case even a 90% solution could not. clfccl 
comjilete morccrisation This appc5ars to be due to the jiredoininanci' ol iiit^cr- 
crystallino inatenals present in this fibre which affects inercci isation adversclv 
It may be mentioned that the degree of niei cerisation is more pronounced in a 
sample kejjt in boiling water before being mercerised The degree of mciecii- 
sation in the sample kept in boiling water foi- about an hour and then mcrcciisc'd 
with a 30% NaOH solution has been found to be more complete, as revealed 
by X-ray examination, than that, in the samjile which Avas mercerised as usiud 
with the same concentration of mercerising solution (figure 8). This enhaneed 
degree of mercerisation appears to be due to the sw.elling a factor favouinig 
mercerisation — effected by boiling; and also perhaps due to the removal of some* 
intercrystalliiie constituents winch affect mercerisation. 

It may bo noted that the nature of the diffraction pattern, particularly dm 
(002) arcs, gives an idea of the strength of the fibre. The longer the arcs, ilu' 
greater is the dejiarture of the orientation of siiiral with respect to the fibre axis, 
which, as is Avell known, accounts for the loss of strength. Table III below sIiomk 
the relationship botwooii the intrinsic strength of the fibres, both raw and and 
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uioroerised., and the length of tlio (002) arcs or the spiral angle. It also shows the 
u‘,lationship between the intrinsic strength and the concentration of the niercoris- 
mg solutions. 

TABLE III 


Por cont 

Intrinsic strength 

Spiral anglo 

NaOH 

Irt'i SPa /^atningth \ 

gm/cm \ liiionoHH / 

(in dogroos) 

Kiiw fibio 

2.35 


l.'i % 

1.41 


20 % 

J .18 

22 .5 

25 

X 

20 

30 % 

0.07 



it can he seen that the raw fibre with spiral angle 30° has intrinsic strength 
2 35, which moans that 23 5 kilometres length of fibre will break by its own weight. 
It IS evident from '^rablo III that as the concentration of the mercerising solutions 
mci eases, the intrinsic slrengih decreases. Talile 111 also shows that the intrim 
SIC strength decreases with the decrea.se in spiral angle. These observations are 
in coiitraiy to that observed in cotton, whore the intrinsic strength increases with 
the docieaso in spiral angle. 

It may bo noted that this filire, unlike cotton, contains about l5% lignin, 
which, as mentioned before, acts as a cementing material. Though lignin is absent 
111 some strong fibres like ramie and cotton, it adds to the strength of the fibres 
1 1 and whore it is present. It is well known that lignin is removed on mereerisa- 
linu ami this is evident from our X-ray photographs (figures 5, 6, 7, S) where we 
find the gradual fading, though not eompleie disappearance, of the two reflections 
winch are ascribed to lignin. As lignin is supposed to be the cementing force, 
removal of it will naturally result into the loss of strength of the fibre. 

Thai tho iTystallites are better oriented as a result of mercorisation is evident 
ftoni the grandal decrease in the length of the (002) arcs, as can be seen in our 
mercerised patterns ft is expected that this preferred orientation, i.e. steeper 
spirals would increase tho strength of the fibre. But our findings show that the 
wt.icngth doiTcases. It seem.s that the increase in strength due to bettor orientation 
as a result of mercerisation has been outweighed by the loss of strength duo 
to the removal of lignin in course of mercerisation. It, therefore, explains tho 
scemnigly contradictory findings a.s to why in spite of gradual decrease in intrinsic 
st.iougth, the length of tho ares becomes gradually shorter. 

It is also well known that tho length of the micelle is one of the most important 
f-ictors which go to build uj) the strength of fibres. Our investigation on tho 
7 
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(ieterminatioii of the longfcli and width of the micelle (Lane, 1926) in raw and mer- 
cerised fibres is in progress. These results will be published shortly. 

It may be pointed out that the single fibres which arc used by local weavers 
hero are coarse and this is rather a handicap to them so far as the use of this fibre 
in finer garments is concerned. Our optical study has revealed that these socalled 
single fibres get splitup into a number of finer fibrils under the action of very 
dilute acids. Investigation in this line is also in progress. In conclusion, it may 
be mentioned that if this jiarticular type of loaf fibre, which is so abundant in 
Burma and also in India, along with some other members of the ‘leaf fibre’ grou]) 
could be studied with the intensity and care it deserves, it is expected that there 
will be some more welcome additions in the family of ideal textile fibres. 
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NEWS RELEASE 

PuilUCATlON OF InDHX TO SCIENTIFK; JoUllNAliS 

Jndjak -Ioukkai. of Pifysujs is among the 510 periodicals that are being i^doxcd 
by subject and authoi* in a new xHiblication announced recently. \ 

\ 

Tile xirimary subjects included in these indexes are solid state jibysios, 
nucleonics, ladiation, ojitics, mechanics, astrojihysios, radio, electronios, sound, 
astronomy, roikets, guided missiles, artificial satellites and space travel. These 
indexes, connirising several hundred thousand entries, have been compiled by 
the Library of tlie U. W. Naval liescarch Laboratory. 

The original index cards arc to be rejiroduccd in book form by offset jirmting, 
21 cards xier jiage, 10" yU". Author, and subject, sections, and the monthly, 
quarterly and animal suiqilements to each, can be jmrehased sejiarately. 

The j)ubln:iiL]Ori will be available only to those who .sub.scribe in advance 
of xninting, whicli will stait in the 3rd (juarter of this year. 

I’he publication is offered by Micro-Photography Co., 97 Oliver Street, 
Poston 10, Mas.sachu setts. 
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USE OF LAGUERRE FILTERS FOR REALISATION OF 
TIME FUNCTIONS AND DELAY 

A. K. CHOXromjRY AND N. B. CHAKKABARTI 

Xtsthtitutis oit Radio Piiyhicb and Elmotiionics, UNrvjsRHTTY of Caloutta 
(Beceived for puhliration, September 20, JO/57) 

ABSTRACT. In this |)iipor is ]^^o^elltod a rnoiliod of voaliBinj; (.imo InnftioiiH, hnJayH 
.inil delayo I mtogrations hy, lnH.kin(i uso of Laguorto JillorH Circiul arrangemfints for 
I oiiliHing two clasaea oJ Laguorro [unctiotiH aio doarjiliod, T\o iiiollioil las tlin merit ttiat 
till) niljiistmontH required for obtaining difforont oporaiioiia iiresont iio ditticulty. 

1 . I N T R () D IJ (rr 1 () N 

In a simulator, tho rom]iOJients ol the original HVHtem avi^ ropltueil by analo- 
gous clcviucs having similar porformauee e.haraetoristies One ol' the basis of such 
simulation is the time response. Fnrthor, in siinulation of process control 
Bystoins, one is required to realise operations of delay and delayerl Jiitegraiioii., 

11 is known that lor the iiidieial resjionse of a Kyslein ti seetionahsed delay 
line may be used. (Corringtqii et ul. ]^)54) But, for low frequency applications, 
the construction of such delay line is difficult. I’or the realisation of time delays, 
a metliod eii’iployhig operational ain])hfieiH has been desinhed (Monll, 1954); 
this method labours under the disadvantage that it 'requires a large number of 
elojiieiits and is not adaptalile to the realisation of tim(5 funetjons. 


2. LAGUERRE FUN CTIOJ^S 

The simplest means of generating a function would be to sum a number of 
easily realisable functions. Foj- this jiurpose it would he a great advantage if the 
coefficients could be easily determined. The Lagiierre funetions, besides being 
oithogoiial, Also possess rational Fourier transforms, and are thus eminently 
suited for the realisation of arbitrary tune and frecpieucy functioiiB. 

A sot of Laguerre function*-’ due to Tricomi is defined as 


Now 




r\ 


'\v -D" 






1 /iP+a-jr 

'P^CX, ' p-V(X I 


( 1 ) 

( 2 ) 
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Hence writing g{p) = S , one 

p-\-a ' f 

L-V(j>) = m - <!-' 

The coefficientB arc given by the Bories 

{p~\-^) (A'p) =- 2:o„z'* -- F{Z) 


hag 


( 3 ) 


... (4) 


where the trangforination Z — ^ ^ ^ ^ has boon adopted. This relation traiis- 

p-\-0L 

forms any circle Zl = a in the z-plano into a circle on the /i-plaiie which may be 
made to enclose all the singnlarities of (pfa) g{p) by choosing suitable values of 
a and a. \ 

We now consider the different functioiiB obtained by giving values w a. 


■ 

z 

Transformation 

iiadiiiE of con- 
vergence of F{z) 

Time funotiof^ 

0 

P-1 

p~ 

Half piano i2(p) <C 0 
into tho half piano 
/?()>! 

m) < 1 


i 

p-J/2 

P+T/2 

Half piano ie(p)<0 
into an uroa outside 
tho unit circle 

Inside tho 
unit circle 






• =Ln(0(-l)’^ 

1 

P 

p+l 

Left half-plane ofp 
into the right half 
plane of Z 







= Pnit) 


It is to be noted that .only the symmetric function corresponding to a = 1/2 
permits expansion of F{Z) in powers of Z around Z = 0. Therefore even in res- 
lising a function in terms of the preliminary mathematical steps should 

employ only the set (^). The conversion is safely effected by noting that 


P + 1 ' ~^>+l f 


3. GENERA T|I ON OF ARBITRARY TIME FUNCTIONS 

Let f{t) be the impulse response of the system to be simulated and g{p) be the 
Laplace transform of f{t). The steady value of f{t) is assumed to be zero. 
If it is not, we consider the function f{t) —[/(<)! « = We may now write 

F(t) = S a^t) = e-' 1/?/ 
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wliicb means that it is desned to approximate F{t)e^ by a polynomial in t. The 
1 olation between the coefficients and is simple. For the purpose we note that 


= |-i -■ A-i - = [2* - = ( 1+ 1* 

k\ 2*(l+;o) \ ^l+p) 


= il^C}\L^{p)+kIj,(p)+ J ... (6) 

111 case g(p) is known analytically or approximately by the expansion in terms of 
the moments of f{t) we effect the transformation 

^( S ) •(1 + ^) = ^“-^’' - ( 8 ) 

It is clear that the prooodure seeks to find the numerator coefficients on the 
assumption of a given denominator polynomial ( 1 -f Besides in a few cases 

expansions of the arbitrary functions are readily recognisable. For example, 
one finds easily that 

J„(2v'»~0 = 1 ( ‘ 'i" Ljkx)(-i)" ... (7) 


enfiV < ) ^ \ (™+i) 

V” 0 

Kor realisation of a square pulse of duration T, one has only to evaluate 




... ( 8 ) 


«« I dt. 


We give below expansions of some simple functions in terms of Laguerre 
1 unction. 


1 . Delay Operator ; 




Square wave of duration T : 


p jH I ^ 'I+/J / > 

'^ 0 ^ 

i. Integrator : 
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4. Delayed Integration : 

p p ‘“^+1 


/l-OE 7* 


To lealise an arbitrary function it is only necessary to add different order 
Laguerre function inultiplicd by appropriate coefficients in proper phase. Th(‘ 
values of the co-efficients for generating a square pulse is piosentod in Table I 
It will bo noted that the operation of delayed integration can be realised more 
easily by Fubtractiiig the output of a system realising a square pulse 
of duration T from the output of the conventional integrator when both are excited 
by the same input. It' is only necessary to adjust the time constant of the inte- 
grator to equal the duration T. ■ ■ 

It IS to bo noted that different order Laguerre functions have boei^ realised 
by OR networks. The time scale is thei'crore normalised with respect, to tlui 
CR time constant of the networks. 


4. CM H 0 TT I T FOR Ci j<3 N E R A T 1 O N O !<’ LAGUERRE 
1^’ U N C T I O N S 

The Lajilace transfoi m of the Laguerre functions of the two sets eorrespoiid- 
ing to a = 1 and a = ^ can bo uTitten as 




y 

7) \ h \ p-\-l) I 




pf 


n 


TABLE I 

For square imlsos of duration T. 


Duration CooITioiontB of different Laguerre funetionn 


T 

Li) L[ 

Li 

/-.I 


Lr. 

in 

L- 

is 

i.) 

iin 

0 25 

0 442 . 330 

.248 

.174 

.114 

065 

'026_ 

.006 

-.023 

-.048 

051 

0.50 

0 787 420 

181 

.031 

- 072 

120 

-.134 ^ 

.129 

- 107 

-.083 

- 051 

1 00 

1 204 .207 

-.207 

- 283 

-.207 

: - 087 

.034 

.091 

.133 

.198 

.137 

1.50 

1.657 -^.215 

- 454 

- 215 

.048 

186 

199 

.129 

053 

-.074 

- 097 

2.00 

1.729 -.647 

-.436 

.079 

278 

.227 

.041 - 

102 

-.170 

-.147 

- 070 

2.50 

1.836 -1.015 

-.216 

. 353 

.207 

.011 

-.188 - 

209 

-.105 

.031 

132 

3.00 

1 . 900 -1 303 

.108 

,490 

.108 

-.228 

-.250 - 

074 

.018 

.183 

.172 

3.50 

1 .940 -1 517 

.460 

450^ 

-.157 

-.333 

-,111 

.144 

.318 

.119 

-.038 

4.00 

1,903 -1 670 

.791 

.283 

-.38] 

- 232 

.051 

.324 

.069 

-.011 

-.246 
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Fig. 1(a). SohaYQatic circuit for leulisiii^i^ Laguerro functions 
fiorreaiionding to n ^ 1 


2ifP STAGE 



Fig. 1 (b). Corresponding to a -r 



l^^g. 1(c), Circuit arrangement for realising Laguopre function ropj-asponding to « = J 

SuHematio circuits for rj^alisiiig the Laguerre functions corresponding to 
^ -- I and a — 1/2 are shown, in figure 1(a) and 1(b) respectively. In figure 1(b) 
the output from the first stillge having the transfer function is fed 

through an isolating cathode follower into networks hatting transfer functions 
and pVRj'pCR-^l. The output of the networks are fed into the two 
inputs of a unity gain difference ainphfier The transfer function of the stage is 

theiefore The practical circuit arrangement is shown in figure l(o). 

\+pCR 
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Fig, 2 (a). Photographs of step response of tho 
different order Laguorre functions 
oorrosponding to a — i 3rd order; 



Fig. 2 (c). 6ih order; 



Fig. 2 (6). 4th order; 



Fig. 2 id). 8th order; 



Fig. 2. (e) 10th order 

Photographs of the stop response of the different order Laguorre functions 
is shown in figure 2. 


6, EXAMPLES TO ILLUSTRATE FUNCTION 
GENERATION 

In the system built there are ten Laguerre filters (with a = ^) conneotefl in 
cascade. The output from each filter is fed into a potentiometer for coefficient 
multiplication. The addition of the Laguerre functions m jiroper phase is done 



Fig. 3(a). Photograph of tho step response of a Fig. 3(6). Photograph of .square pulst 
delay function synthesised with Laguerre 
filters with a delay of 0,6 sec. 
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bv feeding the outputs from the different potentiometers intp the proper terminals 
(,f a unity gain difference amplifier. 

Photographs of step response of a delay function Avitli a delay of 0.6 sec. 
,uul a square M'^ave function of duration 0.0 see. are showm respectively in figures 
H(a) and 3(b). 


fi. CONCLUSION 

In the study of pi'ocess control systems with the help of a differential analyser 
die Laguerre filters can be used to realise time delays witli advantage. The filters 
(fin also bo used for simulation of the components of the original system. 
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ON THE APPLICATION OF AN ELECTRONIC 
DIFFERENTIAL ANALYSER FOR FINDING 
THE ROOTS OF A POLYNOMIAL 
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ABSTRACT. A method of finding tho rootB of a polynomial with roiil coe|liciontR l»y 
an oloctronic diflorential analyaei* is doacribed. I’he principle underlymg tho method is lo 
aot up in tho analyaer a syatom having a transfer fimciiou, of which the numerator is tlin 
polynomial whoso roots are to ho obtained. The denominator of tho transfer flmction in 
a suitably chosen jiolynomial. Hoots of tho jiolynomial are then obtained by de^iermmiiig 
the froquoncios at which tho system givoa zero output. 

INTRODUCTION 

Different methods of utilising a dilferential analyser lor linding the roots of 
a polynomial have been investigated. Atkinscn has described a method of oh- 
taining the real roots of a polynomial by electrometdianical analysers. The 
same method can also be applied for obtaimng complex roots by breaking the poly- 
nomial into real and imaginary parts. Howovej*, simpler methods using an elec- 
tronic analyser have been described, which give both real and (iompicx roots 
directly. 

Ill the harmonic synthesis method tho variable is represented as ^ 
r cos (iii-f-jr sin at. The polynomial is (;onstructed by generating the terms 

r cos oit, r sin at, cos 2w^, sin 2ai etc., multiplying them by the iiioper 

coefficients of the polynomial and adding them. The quantities cos at, sin at. 
cos 2 ( 0 ^, sin 2ci)<, ... etc. are first generated by setting oscillators on the analyser 
having the frequencies co, 2aj, ... etc. Multiplication of these quantities by r, 
r'^ ... etc. is done by a set of ganged potentiometers. Evidently, a root of the 
polynomial can be obtained by determining the value of r and which make 
both the real and tho imaginary parts of the pol 5 mornial vanish simultaneously. 
The method is simple but has the disadvantage of requiring a large number of 
operational amplifiers. An degree polynomial may require as many as (5rM 2) 
operational amplifiers. 

In another method suggested by Cahn (1966) the roots of a polynomial are 
obtained by determining the frequencies of maintained oscillations of a system 
having a transfer function, the denominator polynomial of which is identical to 
the given polynomial. This method requires a smaller number of computing 
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eJemenis, an n degree polynomial requiring (2w f-l) operational amplifiers. This 
reduction in the number of operational amplifiers is a great advantage when the 
polynomial is of high degree. However, ni this method, after oVitaining one root, 
the polynomial has to be reduced in cmlor to obtain the remaining roots. This 
leduction may impair the accuracy of the roots and also involves a new arrango- 
jiieiit of the computer for finding each root Determination of the frequency 
of a maintined oscillation also reipiiros a large time in slow computers 

In this paper a method is suggested, which requires a small number of opera- 
tional amplifiers and no reduction of the polynomial. The method is similar to 
that employed in potential analogues. The roots are obatined by determining 
Ihe frequencies of zero output of a system having a transfer function the numerator 
of Avhich is the given polynomial. The denominator polynomial is, how'evei, 
(ihoseii suitably. In contrast to the potential analogue method, the residues of 
the transfer function at the polos are not required to be calculated and the poles 
can be easily varied without altering the set uj) of the analyser This facilitates 
accurate determination of the fiequencies of zero output of the system. 

P K 1 N O I P L K OF 'P H E METHOD 
Lot the polynomial be given by 
f{z) a,,z^ 

whore are all real. 

The variable z may be represented by the complex Irequenc.y p Now, 
theoretically, a system having the transfer function f{p) can be set on an analyser 
This system requires differentiators, wdiich, when ]iut in cascade, give at their 
outputs the voltages etc when E,^ is applied to the input of the 

cascaded system Those when multiplied by the respective coefficients and added, 
gives /(p) How'ever, m practice, it is difficult to set such a system. Since 

(ho system gain iiujreases wdth fretiueiicy, it has a tendency to become unstable 
due to stray coupling between the output and input In addition, extraneous 
noise is very much amplified m this system. 

On the other hand, a system having the transfer function 

easily constructed where I){p) is a polynomial of the same order as f{p) and has 
roots with real parts negative and greater than 1. 

We first note that can be wTitten as , where Di{p) = D{p)' 

Dip) 

fip) 

~fip)- Thus if a system having the transfer function is available one can 
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realise a system of transfer function 


.M 

D{p) 


in the manner indicated in figure I 



Fig. 1. Arrangomcmt of the analysor for roaliamg a HyHiotn having tho trimsfor^ function 

whon a Hyfllom having tho iransler fiinotion in availablo. 

JJ{p} fip) 


Fur obtaining the system with the transfer fuiiotum , tlio analyser is 

fiP) 

arranged to solve the equation J{p)EQut = Then from the outputs of the 

integrators are obtained the voltages ^ etc., which, when 

fiP) f{P) 

multiplied by the coefficients of Z>i{p) and added, give ^nn- 


j-ffl) = fi** ajp\ q,p 4 Og 

0,00 - +asfi‘ 4 o',p + ao 



Fig. 2. Arrangement of the analyser for finding the roots of a fourth dogroe polynomial 
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The above principle is illustrated in figure 2 which shows the set up of tlie 
analyser for finding the roots of a polynomial of fourth degree. a^... a^' are 
the coefficients of 

Evidently, the values of p for whjch this system gives zero output are the roots 
i)f the polynomial. 

METHOD OE SEARCHING THE ROOTS 

Roots of the polynomial may be real, imaginary or complex. 

For searching real and complex roots, there should be provison for transform- 
ing the system with transfer function into one having the transfer function 

Kv±c^ where a is a real quantity and can be varied between -|-1 to —1. This 

/?(p+a) 

t ransformation is done by applying feedback from the output of the integrators 
t o the inputs through potentiometers set to at. For making a negative, the feed- 
back is applied from the output of the inverter following the integrator. On 
ganging all the a-potentiometers, as .shown iii figure 2, a can be easily varied 
between the required limits 

For searching real roots a d.c. voltage is applied to the input and the a-poton- 
tioineters adjusted for zero output. The setting of a which gives a zero 
IS a real root of the polynomial. 

For searching complex roots a sinusoidal voltage is applied to the input. 
Tlie frequency of this voltage and a are varied alternately till a zero output is 

obtained. It may be noted that on transforming the system to the system 

hP V^)> effectively the imaginary axis in the p plane is shifted to the right by 

i;(p+a) ‘ ’ 

a. Hence if a is so adjusted that the comjdex root lies on the shifted imaginary 
axis the output becomes zero when the input has a frequency equal to the imaginary 
l)!iit of the root. Thus the frequency of the input and the setting of a for zeio 
output give respectively the imaginary and real part of the complex root. To 
iiuiko the searching of the complex root systematic, the input voltage may be 
supplied by a sweep frequency oscillator and then one has only to vary at to find 
the root. Once a root is approximately located it may, however, be located 
acenratoly later by close searching 

Foi' searching an imaginary root it is obvious that one needs only set at zero 
and find the frequency of the input voltage for zero output. 

The method enables location of roots having real parts respectively within the 
range +1 to —1 and imaginary within the range to* OB to co^ OR, where and 
Wf are the highest and lowest frequencies of the oscillator and CB is the time 



216 


B. R. Nag 


constant of the integrators. Roots lying outside these limits can be found by 
properly transforming the polynomial. 

Choice of D{'p) 

The roots of D{ji) arc the polos of the transfer function of the system and since, 
while searching the roots of the polynomial, ol may be set to — 1 , the real part of 
the roots of D{j)) should be negative and greater than 1. The roots of /)(p) may 
be made real and placed far away from the region where the roots of f{2>) are 
searched. In that case the output of the system will vary exactly in accordaiuKi 
with the nature of the polynomial. However, placing of the roots of D(p) far 
away results in reduction of the gam of the system on one hand, and on the; 
other, mcreases the values of the coefficients of /)(p). These effects obviously 
nece.ssitate the use of a high gain null detector and largo gain opera! -ional ainj)li- 
fiers. To avoid these difficulties the roots of D{p) arc placed only slightl)j7 away 
to the left of —1, and to ensure that the d.c. loop gam is not iiicoiivonieiitly in- 
creased when a is set —1, the roots arc chosen to bo complex. 

Once the roots of /(p) are approximately known, D{p) may be modified by 
altering the coefficients of D^{p) so that its roots lie very near to the left ol the rot^t 
of /(p) being searched. This wtnild facilitate loc^ation of the roots of _/(^), special l;y 
when they are close f-ogethei' 

ACCURACY OF li O O T LOCATION' 

The straightforward method of determining the accurai y of the roots ob- 
tained by an experimental method is to check them against the actual roots of tlir 
polynomial. However, a good measure of the accuracy of a root is also provided 
by the value of the polynomial obtained by substituting this root m it . Obviously 
if this value is zero, it indicates that the root is cent per cent accurate. In poly- 
nomials, in which the value depends very critically on the values of the coefficients 
tins method of estimating the accuracy may indicate large error. In such cases 
one may alternatively judge the accuracy by forming a jiolynomial with the roots 
obtained and checking how far the coefficients of the polynomial so found agree 
with those of the original polynoiinal . If the vaiiation is found to lie within tlic 
tolerance limits expected fi-oin instrumental limitations, the roots are accepted 

The limits of tolerance expected of the analysei as a whole may bo estimat ed 
by ascertaining the errors introduced due to imperfections of the computing ele- 
ments and to inaccuracies in the values of the computing netw'^orks. The ampli- 
fiers used in the adders and integrators have finite gam and band-width, hence 
they perform the operations required of them over a limited range of frequciicv 
with a certain prescribed accuracy. However, when the time scale of the com- 
puter is properly selected, the adders introduce errors which may bo included in 
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iho values of the network olemeiits. The integrators, however, always operate 

by — instead of by- , being determined by the d.c gain of the amplifier and 

loss Tcsistnnce of the integrating capacitor. This results in an error in the value 
of a However, can be determined and corrected for in the value of the root 
obtained. The maccuracy of the computing netwtirks introduces inaccUT’acy m 
Ihc coefficients of the polynomial and can be estimated on knowing the tolerance 
of the network elements for any particular poljmonnal. 

The method discussed here has been applied to determine the roots of a few 
polynomials employing the electronic differential analyser, installed at the 
Institute of Radio Physics and Electronics, Calcutta The roots were found to 
be accurate up to the second decimal place. 
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Plate VII 

ABSTRACT The ubsoi'plion Hpecirum of acetophenone was Btudiod at different 
tomporaturoH and with dilTerent lengths of tho absorbing column. Thoro are fpur rogions 
of absorption, two in tho region of 2400A, third at about 2800A and tho fourth at ablnit 3200A 
New bands m absorption have boon observed in these studies and an iiitorprotanon for tho 
same is discussed. i 


INTRODUCTION 

Aceiophenono rurins an imporiant starting point for a class of compounds 
in which C — 0 is conjugated to phenyl ring. Bcnzaldehydo, which is the first 
member of such a class, has been extensively investigated by various workers 
The absorption spectrum of acetophenone was studied by Kato and Soinono 
(1938) ill liquid solution and absorjition bands were reported by them at wave 
numbers 34900, 35900 and 37000 it was further studied by Deb (1951 ) and he has 
reported three broad bands with centres at 35744, 3S748 and 40277 cm ^ respec- 
tively. The ultraviolet absoriitioii and fluorescence was studied by Vanselow 
and Duncan (1953). They have observed at room temperature (about 1 mm pres- 
sure) three bands ai. 2832, 2770 and 2695A m a 20 cm path of the absorbing 
column, They also report that a new band appears at about 60 mni pressure with 
centre at about 3250 A. Apart from earlier work, absoiption of acetophenone 
in the vapour state has been recently investigated by Imanishi, Sembar; Ito and 
Anno (1952). These workers, as also tho work on solution spectrum, have clearly 
established that the complete ultra-violet spectrum consists of three regions of 
absorption. Tho longest wave length region near 3200 A is assigned to an 
transition of the C — 0 group. The region between about 2900-2400A corres- 
ponds to the 2600A absorption of benzene suitably modified by substitution. 
Absorption on the lower ultraviolet below 2400 A has been assumed to correspond 
to the 1900 A benzene band and is tentatively assigned due to N—V transition 
of carbonyl group. Imanishi et al. have studied the absorption system between 
2900— 2400 A. Duncan et al. were mainly concerned with the 3200 A absorption 
system and the corresponding fluorescence of this molecule, The 2800A band 
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svstem has been studied in the present investigations at various temperatures and 
at different path-lengths. 


EXPERIMENTAL 

Bxperiemeiits have been carried out at room temperature (30°C) using satu- 
I abed vapour of acetophenone in columns of lengths varying from 2 cm to 4 m. 
J<iXj)criments were carried out also with a tube in which the vapour pressure was 
that saturated at 60° C and the tube was heated to various temperatures. A 
liydrogen lamp was used to give the contmuum. A Hilgor medium quartz spec- 
tj’ograph and B 20 plates were used. The wide diffuse bands were photographed 
oil a liilger small quartz spectrograph. At least three plates were measurefi on 
ii comparator reading to 0.001 mm. As the bands are diffuse readings were taken 
at the centre of the bands The liquid used was distilled at the temperature cor- 
i csjionding to the boiling point and the first and the last portions of the distillate 
we.io discarded collecting the liquid only aftei the first portions wore removed. 
The liquid was put in the bulb and quartz windows were attached at both ends 
by sealing wax and the open end of the bulb was connected to a vacuum pump 
and then sealed off. A comparison spectrum of csopper was superposed in the 
evntre. 

EXPERIMENTAL It E S IJ L T S 

With 2 cm cell and terniierature of the liquid at 24°('! at an exposure time of 
2(1 minutes, an absorption band was observed vdth its centre at 23H9 A. (Plate 
Vir, Pig. 1). With 5 cm length of the absorbing column at room temperature 
only two bands at 2826 k and 2752 A were observed. When the length of the 
(olunin vas 50 cm, all bands mentioned in the 2800 k region appeared at room 
temperature. When the temperature of the bulb was maintained at 5 C bauds 
cit 2820 and 2752 k were still there and accompanied by another diffuse band with 
centre at 2389 k and a very broad diffuse band from 2330A to 2249 k (Plate VII, 
Fig. 2) By increasing the length of the absorbing column to 100 cm or more, 
the bands as mentioned in the table below appeared. (Plate VIT, Fig. 4 & 5. 
When the length of the absorbing column was 4 metres the diffuse band with 
centre at 3250 k was clearly seen (Plate VII, Fig. 3). On heating the cell so 
tlmi the temperature of the bulb and the cell was the same no additional bands 
vixTo observed on the longer wave length side of the (0—0) band though the 
temperature was raised from to 110°C (Plate VII, Fig. 6). The data on 

the hands are given m Table 1. 

DISCUSSION 

The spectrum can be divided into two types of bands.— A prominent set of 
dilinsc bauds which are very similar in nature and of which the first member is the 
9- 0 band; and three sets of a group of three comparatively sharp bands in between 
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TABLE I 


Wave 

loupth 

(A) 

111 air 

Nature 
of band 

Wave 

number 

in vacuo 

AsHigninont 

a826 

b.d. 

35375 

0,0 

2797 

H.d. 

35742 

0, + 367 

2790 

R.d 

35831 

0,4-456 

27H1 

a.d 

35947 

0, 1-572 

27.52 

b.d. 

36326 

0, + 95l 

2725 

H d 

36686 

0, 1 951 f-360 

2718 

H.d. 

36780 

0,-f 951 +454 

2709 

s.d. 

30903 

0,4 951-1 577 

2681 

b.d 

37288 

0. 1-951 i-962 

2656 

s.d. 

37639 

0. + 2(956)4 351 

2649 

s.cl. 

37738 

0. + 2(956) + 450 

2641 

s.d. 

27853 

0, 1-2(966) + .565 

2614 

bd. 

.38244 

0, [ 2(9.56) 1-956 

‘ b.d. — broad diffuMO. 

s.d. = 

sharp difluHo. 


the (iiffuac bands. The disposition and nature of these bands seem to inditiiti' 
that they do not belong to the series of diffuse bands and although belongiiiu; 1(» 
the same electron! e transition they form a different senes. 

Acetoijhenone belongs to the Cg symmetry group and as such has only t>vo 
symmetry types, namely, A' and A”, symmetric and aiili-syminetric to the jilaiio 
of symmetry. The transitions between the^e are allowed. The successive rediu- 
tion of symmetry from of benzene to acetophenone Og through whows tli:d 
the transition of benzene becomes A'— A' under the reduced synnnclrv 

and is hence allowed by selection rules. The assignment of (0—0) band is m 
agreement with Imanishi et nl. whose selection of the band was, however, tjuih* 
arbitrary. Absorption was recorded at various temperatures and no exl-cnsum 
of the 2800 system was found beyond the band at 2826^ The intensity distri- 
bution in the system of bands at higher tempeiatures when compared to llitd 
obtained at lower temperatures showed that the first strong band at SSSTi) ( 
is the 0—0 band of the system. 



)V\ 


Indian Journal oJ' Physics. A^ol. \XXI 1 , No. 5. 

PLATE VII A 





Absorption spectra of acclophcnonc 
-1 

Fig. I. 23l{«) A n. band f ini'-, cm ) 

2. Broad dilluse band 

-1 

,, 'j. DifTusf band at ‘525‘' A IJ, ( 307(10 cm ) 
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Absorption spectrum of acetophenone 
Fir, 4 Conlat t print allno system of bands. 

„ Knlargcd print sliowing sharp diH'usc bands 
„ 6. Absorption at 36‘’C 

„ 7- Absorption ai 8o“C 

„ fl Absorption at 1 1 o“C 
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It is significant to note that even at a temperature of 110° C no further bands 
arc observed on the longer wave length side of the 2826 A band. This is in con- 
(rast to benzaldehyde where quite a large number of small frequencies in the 
jVroimd state are excited with increase of temperature or path length. 

The principal progression with frequency of 956 is observed as in most oases 
of substituted benzene. This progression has been explained as due to the excited 
slate frequency corresponding to the totally symmetric frequency of about 1000 
cni"^ in the ground state which corresponds to the totally symmetric vibratioh 
iVcquoncy 992 cm~^ in benzene. Long progressions of bands correspojiding to 
excitation of this type of vibration have been observed in most of the simple 
substituted benzenes. 

The ground state frequencies corresponding to the excited ones of the order 
of 360, 450 and 570 giving rise to the three comparatively sharp bands are not 
excited at the temperatures employed m the present experiments. This is rather 
peculiar to the molecule because similar ground state vibrations have been observed 
ill Ihe spectrum of benzaldehyde (Garg, 1953). 

Of those three vibrations two must correspond to the two vibrations arising 
out of the 606 cm“^ degenerate benzene viliration. Tmanishi et al. have assigned 
360 and 570 to the excited state frequencies corresponding to 371 and 617 in the 
ground state, these being the two vibrations corresponding to 606 of benzene. 
Lhider the 6*^ symmetry both belong to a' symmetry and thus give rise to bands 
of about the same intensity That the assignment is essentially ciorrect can be 
.scon by comparison with the spectrum of benzaldehyde and other benzene deri- 
vatives The smaller of the two frequencies shows a decrease with the increasing 
weight of substituent and the value calculated according to formula given by 
Garg comes to bo of the order assumed here. The higher frequency component of 
tile split frequency is rather invariable with the substituent Both show appre- 
ciable depolarization in Raman effect and hence belong to «' summetry. 

The third frequcncjy (450) may bo excited frequency of 588 in the grountl 
state, 111 analogy with the spectrum of acetaldehyde where Rao and Rao (1954) 
have assigned 527 cm'^ and the corresponding ground state frequency 562 cm~^ 
to C— C = O bending vibration of a' type. This is a very prominent frequency 
111 the acetaldehyde spectrum. 

The excited frequency ~570 in acetophenone corresponds to the excited 
frequency <-^.'544 in benzaldehyde in which it occurs only in combination with the 
(0— 0) band. In acetophenone, however, the vibration (#^570) is present associated 
^^ ith successive quanta of the totally symmetric vibration. This frequency there- 
fore corresponds to the e 2 g t>f benzene whore under the symmetry it is excited 
3 
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only to ono qaantuin for the transition. It appears that whereas hen- 

zaldehydc still retains some part of residual benzene character, acetophenono 
seems to have lost all of it. 
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Plato VTII 

ABSTRACT. Two now band HyBtoiiiR attrilmioO to tho PO iiiolocule, have boon ob- 
oivod in tho visiblo i‘6j?ion in u high froquonoy disphargo, whon moist rod phosphorous is 
nM'iInd undor low jiroasuro conditioiiH. Of iJio four now groups of biuidw obaorvod, two aro 
assigriod to ono aysiom dosignaiod aa I) -B wliilo tiio othor two grouiis am aasignod to iinot^liur 
syhtora doaignn1-od as D' — B. Tho oommon lowei stat,o B is idontifiod as tho uppor stato of 
ll—X ultiaviolet ayslora of PO Tho I) lovol is idontifiod as tiunippor atato of tho D — X 
syHi'OTii of PO Jiaving a douhlot soparnlioii of 27 K. Tho struotuvo of tho two systomB soom 
jo ludicato and 2Af( -^n/) transit ioiiH for tho systoms 1)' B and D- B aystoma roa- 

|)('cl i\'oly, tho iippoi statOB bomg difforont, 'Pho />' lovol has a douhlot soparation of 97 K. 

Tlio olootronic slatos of PO an<l rolatod moloculos am disrussod in tonus ol olootron 
coiLfiguratJOua, 


1 N T R O J) U r T I O N 

The baud spectrum of the IT) molctnle. lotig since has been known to give 
use lo two chavactoriBtii; band systoms ojie near A2600 A and the other near 
/\!tlh)() A Of these two systems the former whicli is analogous to tho well known 
y’ system of NO has been investigated m detail by Ohosh and Ball (191)1) and Sen 
(hiiila (193r)) It is well known from this year’s work I hat this systeiii is due to 
ciu electronic transition -S — >‘'‘11 with a ‘-1I ground state having a doublet separa- 
tion of 223.Scm~h Tho hand system near A3300A was investigated by many 
woilvciH (Curry, Herzberg and Hevzbeig 1933), llamaiialliam, Kao and Eamasas- 
tiy (I94fi) and more recently by K OresslcJ' (1955).) The recent work of tins latter 
iuidior (Dressier) has shown that these hands occurring m the region A319 oA 
-/^IirdiOA belong lo a single system having for its lower stale tho ‘■‘11 gi'ound slate, 

• Iciiliticd as the ground state of PO and for its upper state alluiid’s case (b) state, 
hi addition to the above two systems Dres-sler rojiortcd throe new systems of 
(loiihlrit bands ocrurrnig hi the regions A1975A-' A2140A, A205 oA— A 2170A, and 
/iiS^fiA — A1930A ill a Geissler discharge lube used as a light source. The vibra- 
hoiijiJ analysis of these band systems indicate that the lower state is common and 
ulciitified as the -II ground state of PO, the upper states corresponding to different 
(^' ilcd electronic states of the PO molecule. The various excited electronic levels 
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identified from the analysis of the above mentioned systems were designated by 
Dressier as B, A, C, D, E written in the order of increasing energy. Of these 
‘D* level is known to be a doublet state having a separation of about 30 cm-i, 
while the B and E levels are known to belong to Hund’s case (b). The /\ value 
of these two states and the nature of the ‘O’ level are however not yet known. 

Besides the discrete band systems reported for PO, a number of diffuse and 
unresolved bands have been observed by Karl Rumpf in the visible region ex- 
tending from /\6500— A4750. These bands wore observed in the flame of burning 
phosphorous in the presence of COg and photographed under low dispersion of 
about 80 A per mm. at A5000 A. A tentative analysis of these bands on the basis 
of two systems given by the above author is, however, not convincing. 

As compared to NO, our knowledge of the nature of the excited electro- 
nic levels of PO is less complete, the authors considered it worthwhile to 
reinvestigate the emission spectrum of the PO molecule. The present paper 
describes the new results obtained in this reinvestigation, 

EXPEHTMENTAL 

Method of excitation • 

The two band systems A— X, B—X were reported by early workers as oi - 
curring in a carbon arc source fed with P 2 O 5 . The B—X system was observed 
by Dressier as occurring in a Goissler chscharge tube in which a free flow of oxygen 
is maintained over heated phosphorous. The remaining systems were also reporied 
as occurring in the same source. The diffuse hands occurring in the region 
A6500 A — A4750 A were reported by Karl Rumpf in the flame of burning phos- 
phorous in the presence of COa. 

In our present experiments the siiectrum was excited in a high frequency 
discharge from a high power (100 watt) oscillator. Red phosphorous in the wet 
condition was taken in an ordinary H.F. discharge tube and the tube was evacuated 
by a Cenco high vacuum pump through a series of absorption towers. No external 
heating of the substance was found necessary as the R. F. heating of the electrodes 
was sufficient to maintain a free flow of Pg vapour due possibly to the dissociation 
of P 4 into Pg molecules. 


DESCKTPTION OF THE BANDS AND THEIR ORIGIN 

During the first five minutes after the oscillator was switched on, an mtense 
line spectrum was observed in the whole visible region. After this interval of time 
the line spectium disappeared and a characteristic pale yellow discharge wan 
observed and the spectrum photographed under these conditions. The plioto- 
graphs of the spectra in the visible region taken on the Fuess instrument (dis- 
persion about 35 A/mm at A5600.) and three prism glass Littrow instrument 
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(diapersion about 24A/mm. at A5600 A) are reproduced in Plates Vlll(a) and (b) 
respectively. In the ultraviolet region the extensive Pg band system and the well 
known ‘ 7 ’ system of PO are observed and the spectrum was photographed under 
the same conditions on a Hilger medium quartz instrument. 

Plates VITI(a) and 1(b) are seen to consist of characteristic groui)8 of bands ex- 
tending from A5400 to A6000. A close examination of Plate VIIT(a) reveals a 
characteristic group of three red degraded bands designated as group I at wave- 
lengths A6684.3, A6588.2 and A6592.2. Strikingly similar in appearance to this group 
of bands, there is another characteristic group of three red degraded bands desig- 
nated as group (II) at wavelengths A5962.3 A, A5966.7 A and A5973.1 A. On the 
short wavelength side of group I bands another group of three violet degraded bands 
designated as group (III) occurs at wavelengths A5649.6A, A5664.3 A and A5580.0 A. 
A similar group of violet degraded bands designated as group (IV) is also observed 
on the short wavelength side of group (II). The spectrum as reproduced in plate 
1(b) reveals also a partial resolution of the rotational structure of the groups (I) 
and (III) bands. 

In attempts to identify the emitter of the groups of bands reproduced in plates 
1(a) and 1(b) a comparison is made with the spectra of the commonly occurring 
impurities like CO, CO+, C^, N^, Na"*", CN etc., in the visible region. The measure- 
ments of the wavelengths of the band heads of these groups of bands do not 
agree with any of those given in the list of table of pei’sistent band heads due to 
impurities as given by Pearse and Gaydon’s book “On the identification of mole- 
cular spectra”. Thus there remain the three following possibilities for the emitter 
of the bands namely Pg, PO and PH. The last two possibilities PO and PH have 
to be considered in view of the fact that these new bands are observed when 
phosphorous is excited in the presence of water vapour. A detailed vibrational 
analysis as described in the following pages has definitely established that the 
emitter of the bands is PO. 

ANALYSIS OF BANDS 

Intensity considerations point to the group of bands designated as group 
(1) as constituting unambiguously the Av = 0 sequence and group (II) as 
lormmg the Av = —1 sequence. The wavenumber intervals between the first, 
second and third members of groups I and II are obtained as 1136.0, 1134.8 and 
1 136.9 respectively. The average AG^/g” difference as shown in Table I is obtained 
as 1133.9 cm“i. This first AOn^' interval agrees very well with the first AO^i^' 
interval of the H upper state of the two subsystems 5—^111^2 -^“^ 113/2 shown 

111 Tables (II and III). This agreement shows conclusively that the lower state 
ol this new system shown in Table (I) is upper state D of the PO molecule. This 
also confirms the view that the emitter of this new band system is PO. Further 
this AQyj/g’ interval does not agree with the AG^p^/a interval of the upper or lower 
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.sialoH of any of tlie band HyRtenis of either Pg or PH moieuule, this interval bcdiifr 
too bipj for Po and too Hinall for PH. As the At’ -^—2 sequence is expec ted i„ 
oocMir at A(i400A and is not recorded on our plates. The value of 14.1 dej jved 
by Dressier for i-hc B state lias been adopted by us The vibrational frcicjiicuiy 
of the lower state of the uew system is thus obtained as 1164 cm-b The hands 
in pnmps in find IV which are degraded to shorter wavelengths and are roDi. 
parativciy ueaker in intensity, obviously seem to belojig to another system 
Prom intensity coiisidoratioiis the groups TIT and IV are regarded as Ar o 
and AiJ= — 1 .sefjuenccs respef tivcly. The vibrational scheme shown in Table (JV) 
indicates that the first average Atj/'b*i/ 2 ^ iotorval is again 1132 cni“^ Tins 
suggests that the two Hystems have a common lower stale which is to be 
idonliticrl as the B state of PO The two .system.s shown iii Tables (T and IV) 

may be tleaignated as JJ—B and D' — B systems respec;- tivcly. ! 

TABLE I 

D- B system siA.,/ 2 , 5 /., -> 

v" 0 J 

Sroj 17003 7 1136 0 16767 7 

P2-1-PQ,1 0 17891 .T 1134 8 16756 7 

li, 17876 8 11.36 9 16739.9 


Avoiuro vakio of ~ 1135 9 

cj" = 113.5.9 I 

u'' = 1135 9 + 2x14.1 


u" 1 1 64 
u' < 1 1 64 


Position of 2 A;i;u above 1 
tlu) j;rouiid statn ) 48718 

Position of above ] — 48745 

the ground stato \ 

2Ar./-i -Ana =27-^1 

Coupling constant (approximately). 


TABLE TT 



v" 

v' '' '■ 

0 1 

2 

3 

4 

0 

30796 4 1217.3 29570.1 

1204.7 28374.4 




11.31.2 

1134.0 

- 


1 

30710 3 

1201.9 29508.4 

1191 1 28317 3 




1077.0 

1105.1 



2 


30585.4 1103.0 29422 4 J177 1 28245. 3 

1073 0 
29318.9 




:27 


New Visible Band Systems of the PO Molecule 


TABLE III 

^^3/a 


v" 

v' 

0 I 

2 

3 

0 

30567.0 1213.4 29354 2 

1203.5 28160.7 




1131.2 




29281.9 

1189 7 28092.2 ' 




1100.0 

2 



29192.2 


TABLE IV 

jy B avKtcm 5/„ — i 


Xi' 

o/’i j 17^)10 2 lJ3(i 7 JG779 r> 

.y 0 17005.8 1130 910835,5 

r . 18013 4 li28 7 10884 7 


r, i J 1 10070 I 

y> 17027.6 


Avoi'tigo value of =- 1131.0 

cu" ^1131 0 I 2rw,/ 

u" _ 1131 .9 |-2X U 1 

u" =1160 

03" — 1301 


Po.sition. of -A i/j above llu) 1 
f3;i’OiJud Riato ) - 48757 5 

Position of 2 ^r,y 2 above ilio 1 
^ ' f'roiinil Hlato. J - 48854. 7 

-An j -“Ai/j — 97 2 om-i — yl 

— i-ouijlmg constant 
( apj j I'O ximatoly ) , 


From his analysis of the i^- “n systoin of PO Dressier (iondurlcd Miat th(i 
B state belongs to Hund'a ease (b). Howoa'^oi’ lie <bd not delmitoly suggest the 
A value of this state. It may be either a-S or aH'lf, or ^A,, state. Of these three 
alternatives ‘^11, , term is considered more likely for the B state, as this would 
aecuuni for the observed double headed nature of the B -Xdl system and also the 
('(•arse vibiational structure of the two new systems reported here. 

The vibrational structure of the D—B system shown in Table (T) can be inter- 
picled on the basis of arAf^—^ transition. Sucli a transition is expected to give 
use to four head forming branche.s. i, i, and Qy-\~^R^ 2 and the 

last g ia generally obscured in the shading of the head. Thus both the 

(h, 0) and (0, 1) bands appear to bo triple headed as observed. The appearance of 
this system is strikingly similar to the well known red CN system arising from a 
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transition between two doublet states. Since -slZa ^ and heads occupy similar 
positions in the two subsystems of transition, they will be separated 

by a wave number interval which is approximately of the order of the coupling 
constant A for the upper state. This interval is obtained as 27 cm"^ approxi- 
mately and represents the interval between ^Ag/g and ^Ag/g components of the 
®A„ state. Adopting the V£,(o.o) values (^i^g j and heads) the heights of the 
■-“Ag/g and ^Ag/.^ above the ground state are obtained as 30841.3+17876.8 = 48718.1 
and 30841.3+17903.7 — 48745.0 respectively. These compare favourably with 
the approximate value 48690 and 48720 given by Dressier for the two components 
of the D state of PO from his analysis of D—X system. Thus both the doublet 
intervals and the positions of these levels suggest that the upjjer state of the above 
new system is to be identified as the D state. Further, as in the D—X system of 
PO, predissociation is observed in the «;' = 1 level of this new system as Well. 

The vihrational scheme shown in Table (17) relates to the D'—B sy^^teni of 
PO. It IS seen that the (0, 0) band consists of three sub bands. The vi^atioiial 
structure of these bands is interpreted on the basis of — ► ‘^llj, transition, the 

lower state '^II* bemg the common lower state of both the systems. The upper state 
“A belongs to a separate higher excited state of the PO molecule. The two douhhit 
components ^A^/g and ‘“^Ag/g will give rise to four head forming branches ^Pj g.Pi 
+^^i 2 and Pg, 1 - these the Qg+^Pa i head is generally being obscured 

in the shading of the Pg head and the (0, 0) band appears triple headed. The two 
corresponding heads ^P^ g and Pg which occupy similar positions in the two sub 
systems are separated by a wave number interval which is apptoximatcly equal 
to coupling constant A of the ‘^A state. This is obtained approximately as 97 cm“^ 
The heights of the two components above the ground state are deriverl as 
48757.5 ( = 30841.3+17916.2) and 48864.7 ( = 30841.3+18013.4) for the 

^Ag/a and respectively. 

Predissociation : 

It is noteworthy that no bauds are observed belonging to the Av ~ +l 
sequence. This may be due to the occurrence of predissociation at the — 1 
level in the two upper states D and D'. This predissociation may then also account 
for the absence of the (1,0) band in the D—X system analysed by Dressier. 

PREDICTED ELECTRONIC STATES FROM ELECTRONIC 
CONFIGURATIONS IN PO AND RELATED MOLECULES 

The electronic configuration giving rise to a ^llr state in each of the related 
molecules NO, NS, PO, PS and SiF is well known to be 

K.K [z(TY[y(TY{x<TY{W7T)\V7T)..^Ur ••• 

In this configuration the last (vtt) electron is an antibonding electron. Accord- 
ing to Mulliken the symbols y, x, v>, v denote the order of decrease in lirniuens 
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of binding energy of inoloculftr orbitSils of the electrons, from a detailed discusBion 
of the electronic states of NO and 0\. Assuming that in PO as well the same 
order of orbitals the first excited electronic configuration of PO may be written 

(IB 

K.K...{zaf{y(r)^(x(T)^wn)^(vn)‘^,.^U,, -"n, states ... (2) 

Of these the term may represent the if-state in PO and belongs to Hund’s case 
(h). However the transition of an electron from a wn to a vn orbital is accompanied 
hy only a slight reduction in frequency from 1232 to 11(16 cm- ^ in contrast to a 
large diminution in NO. This probably indicates that the wn electrons in PO are 
weakly bonding. The second excited electronic configuration corresponds to the 
ti ansition of an electron from xtr to vn orbital giving rise to the states 

K.K....{z<r)^yo-)‘^{x(r){wnY{vny‘^...^y:,+, states ... (3) 

I'he ‘-“A term belonging to configuration (3) may represent the D state of PO. 
Ill the D—B transition an xo- electron changes into a vm electron. This change is 
accompanied by probably a slight reduction in vibrational frequency as indicated 
hy ihe evidence of slight degradation tif the bands in the D—B system towards 
tlic red. This indicates that the xcr orbital in PO is slightly more bonding than 
wn. 

The third excited olectronic configuration (JOTTospoiidiiig to the transition of 
ya- to vn as in configuration (4) gives rise 

K.K..,iz(r)Hya’){xarf{wny{vny\..^^+, “S-, ^A, states ... (4) 

lo r/^^A term in addition to ^11+, and *. This ^A term may very well represent 
the D' level in PO. The transition of an antibondmg yo- electron to a wn orbital 
is expoctefl to be accompanied by an increase in vibrational frequency Tt is 
])robable that the X(t orbital has only slightly greater firmness of binding. Tu 
c()iiHC(iuence the two ^A states resulting from (3) and (4) lie cJoso to each other. 
iSiiice the two states satisfy Kronig’s selection rules for predissoiiiation the observed 
prcdissociation at the v' = \ level can thus be accounted for. 
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{fiecRived for publication, Deceviber 11, 19B6) 

ABSTRACT. Tho quefltion of stability of a magnotio star m a slowly decaying axially 
wyminetnc Hiagnetio field is inveatigatod. Poloidal and toroidal fields are considered and thi^ 
initial magnetic energies evaluated. From the condition of dynamical stability the expres 
sion for the critical primitive magnetic fields which can exist in the star is worked out. I’ho 
magnetic oneigies and 1-ho critical fields for instability are tabulated. 

Further the effect of a magnetic field, toroidal as well as poloidal (less than l^ihe criticul) 
on tho oqiiihbriiiin of a sphere of constant conductivity is investigated. It is found that tho 
sphere is not an equilibrium form and tends to deform into a spheroidal shape, \Tho ofleot 
of a loroidal field is to turn it into a prolate spheroidal shafie, whereas in a poloidii|l field tho 
sphere ha.s a tendency to become an oblate spheroid of small ellipticity. Tho expressions Joi 
tho ollijiticity of tho spheroidal form are worked out in each case. ' 

1 . 1 N T 11 O D U C 1 O N 

The mechanical equilibrium of a magnetic star has been the subject of iiivasl)- 
gation during recent years, (Chandrasekhar and Pormi, 1953;) Ferraro, 1954; 
Cjellostad, 1954; Roberts, 1965; Auluck and Kothari, 1956; Prendergast, 195(1; 
Talwar, 1957). Tho fluid sphere, in these cases, is assumed to be incompressible, 
infinitdy conducMruf, and situated m vacuum. In this paper, Vo investigate tlip 
problem of the .dynamical stability and tho equilibrium of an incompressible, 
gravitating, fluid sphere, in which prevails a slowly decaying magnetic field, which 
arises due to the Joule heating of a correspondingly decaying current syslem ii> 
the medium of constant electru? conductivity cr. The magnetic star is further 
assumed to be lying Ji-t rest m empty space so that the current density j vanishes 
outside the sphere. 

The equations governing a slowly decaying magnetic field in a homogenous 
sphere of permeability unity, are (using e.m.u.) 

curl f/ = 47rj, curl E =— .., (1) 

dt 

j = <tE 

hence = 471(7 ... (3) 

dt 

This equation (2) holds for the interior of the sphere. For regions outside 
the sphere, the current density j is zero, so that 


vW = o 

230 


( 3 ) 



Stability of Magnetic Stars in a Decay Field 


231 


ElsasBer (1946) showed that it is possible to construct three independent solutions 
of the decaying field equation (2), and the solutions can be written as, 

U = R 7* = curl (r xjr), S — R curl curl {r (/^) (4) 


where r is the radius vector from the centre,, R is the radius of the sphere and 
is a scalar generating function satisfying, 

-f- Pyjr = 0 (inside) « . (5) 


and 


_ 0 (outside) 

Here = ^TrarjT, t being the decay time. 


... ( 6 ) 


Elsassor calls these functions T, 5 , U ‘toroidal’, ‘poloidal' and ‘scleoidal’ res- 
pcftively. We shall be concerned in our present work with the toroidal and 
poloidal functions, and shall be studying the stability of an incompressible sphere, 
111 two cases, one where the field is continuous across the surface of the sphere 
and the other where the field vanishes on the boundary of the sphere and in 
the entire space outside it. We shall call these cases as ‘Case T’ and ‘Case IT’ 
respectively. 


C A S E I 

2 Initial magnetic energy^ and dynamical instability. 

When equations (5) and (6) are solved with the boundary condition that 
i// and dijrjdr are continuous at r — iZ, the solutions inside and outside the sphere 
are given as (Jenson, 1955; Elsasser, 1946) 

(r < fi) ... (7) 

and 

(/»)«*”«' (>■ > P) - (8) 

wliei e are constants and the characteristic values of k arc the zetros of 

the Bessel function ’ 

The equation (4) gives the following components of the functions T ai^d 5, 


- L ’ sure ’ ee ! 



232 


S. P. Talwar 


We are interested in an axially symmetric field so that the funciions T, S do n()t, 
depend upon the variable The components of the internal magnetic field ajo 
therefore written as 

W-' = [ C(Bjrfihi(n + - C | 

(ARIryJnn (k„,r)PM ] - (10) 

The corresponding components of the field outside the sphere are 

//(«) = [(771(71+ l)(i?/r)"+2J„+i(A„,7J)P„(/A), Cn{RfrT+’^Jn^.^{kn,R)Pr}(li): 

(7(P/rr+V„^i(^„,7-)P„i(/.)l L (11) 

where C* is a constant defined in terms of the polar values of the field as 

\ 

(j — n9\ 

7i(7^+1)J„,j(A:„.P) 71(71+ 1)J„^i(4^,;B) ”■ ^ 

where {Hp)^ denotes the primitive polar field (at time ^ = 0). 

The total magnetic energy, m, is composed of two parts; the internal 
magnetic energy and the external magnetic energy. The internal or externa] 
magnetic energy further consists of (i) the contribution due to the polojrlal 

field {r, and (?- components) and (ii) the contribution duo to the toroidal 

field (the azimuthal component ). 

The magnetic energy, 7np, of the configuration due to the poloidal field defined 
by the components in the r~ and 0- directions in eipiations (10) and (11 ), is written 
as 


J‘n^iiK.11) - ( 13 ) 

Using equations (10) and (11) the contribution to the magnetic energy due to the 
toroidal field 7?^, is written as > 




jfa-Jw-T) 


( 14 ) 

( 16 ) 
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SO that, 


mr = 


Thus the total magnetic energy of the configuration is given by 

m — Wt+Wj, 

_n{n-\~\) ^a»3i-2 th ») ( s 1 1 

or, in terms of the primitive polar field 


(16) 


(17) 


I Vfi* \_ -j 2,|r 

i»(«,+i) ■ L (2«4-ir (2n-l) J 

Tn Table 1, wo have tabulated tho primitive magnetic energies in units of 
The gravitational potential energy of a homogenous sphere is given by 


3 GM^ 
^ ^ R 


... (18) 


For dynamical stability the magnetic energy (eq 17) should bo less than the gravi- 
tational energy (eq. 18); thus the critical magnetic field parameter f?* is given by 

r* - 1 12 _(2«^)(2«+l) _ _ VI^ nj)) 

L” {»(M l)}{r2»-r)VjBH (2«H 1)"} J 

The conditidii foi' dynamical stability can bo alternatively written in tcOi'rns ol tbe 
])imiitive polar field as 

^112 n{n^mn--\)^n^\) VI^G^M ( 20 ) 

Here denote the zeros of the Bessel function J^_^{kngR). Table. II is 

derived from the equation (20) for a star having solar dimension and mass. 

Tho equation (19) defines the critical maximum magnetic field which can exist 
Aviih a sphere with constant electrical conductivity. In the following section 
(:i) we investigate the effect of a. decaying magnetic field less than the critical field 
(Hio field for dynamical instability to set in) on tho mechanical (Equilibrium of 
star, 
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TABLE I 

The magnetic energies in some modes for a sphere of uniform conductivity 


n 

8 

Magnetic 
energy in 
units of 

n 

8 

Magnetic 
energy in 
units of 

1 

1 

0 . 536 

3 

1 

0.110 

1 

2 

1 770 

3 

2 

0.251 

1 

3 

3 . 827 

3 

3 

0.458 

1 

4 

6.707 

3 

4 

0.738 

1 

5 

10.410 

3 

5 

1.066 

2 

1 

0.182 




2 

2 

0 620 




2 

3 

1.093 




2 

4 

1 . 726 




2 

5 

2.619 





TABLE II 

Critical primitive polar fields for instahility for a magnetic star of solar 

dimensions 


n 

8 J?pX 10-7 gauss 1 

n 

8 

lO-’gauBB 

1 

1 

6.37 

2 

3 

3.94 

1 

2 

2.94 

2 

4 

3.06 

1 

3 

1.98 

2 

6 

2.49 

1 

4 

1 60 

3 

1 

11.70 

1 

5 

1 2 

3 

2 

7.66 




3 

3 

6.72 

2 

* 

9 06 

3 

4 

4.38 

2 

2 

5.60 

3 

5 

3.77 


3. Equilibrium of a sphere under poloidal and toroidal fields {eq. 10, 11). 

For the purpose of investigating whether a sphere is an equilibrium form unilor 
the magnetic field defined by equations (10) and (11), we give the sphere a virtual 
displacement which changes the boundary r — R of the sphere into one defined 


^ r{fi) R-j-ePiip) ... (21) 

and calculate the change in the total energy of the configuration (magnetic plus 
gravitational). If the change in the total energy of the configuration vanishes, 
to the first order in e for all values of i in equation (21), (for all modes of Pi — 
deformation), we can then conclude that a sphere is a form of equilibrium. If? 
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on the other hand, it vaniahes for only some particular values of I, the maximum 
we can conclude is that the sphere is a form of equilibrium only for these particular 
inodes of P^-deformation and not in general so that the sphere is not a form of 
Lrm equilibrium. 

In order to evaluate the change m the total energy of the configuration, 
we need expresBions for the change in gravitational potential energy, Aj2, and for 
the change in the magnetic energy, Am, duo to the P^-deformation (21). The 
former is calculated by Chandrasekhar and Fermi (1953) and is given by. 


A O/ = 


3(Z-1) 
(27+1 )'^ 




( 22 ) 


which is of second order in e and is always positive. If Am also turns out to be 
of second order in e and positive, then the sphere is a stable form of equilibrium. 
We shall find that the expression for the change in magnetic energy is iion-vanish- 
ing, up to first order in e, for a Pg-ileformation, and is zero for all other deformations 
(l!^2). Thus wc can conclude that the raagiietic star (sphere) is unstable for a 
Pg-doformation, and would tend to become spheroidal although for any other 
deformation, we cannot decide about the stability iiuestion unless wo go upto 
second order in e. This, however, is beyond the scope of the present work. 


The change m the magnetic energy, Am, as a conseciuonoe of the Pj-dofor- 
uiation, can be written as, 




(23) 


The result shall be true up to first order in t when the volume integral is taken 
over the undisturbed body and J and H denote the nndisturbetl current density 
and field. 

Ill equation (23), ^ denotes the displacement coiTespondmg to deformation 
(21), and is written os (Chandrasekhar and Fermi, 1953), 

f, = c(r/fl)'->P,((»), |,=-«/i(rW->;V(/.) ... (24) 

The current density J in zero outside the sphere, whereas m the interior of the 
sphere it is given by, 

471 J = curl H * ■ ■ (25) 

80 that we can write, using equation (10), 


Jn+i{Kar)n{n-\-l) PM 




(26) 



236 


P. Talwar 


and 

f'ir 2 

The Loreiity force is written as, 

F - \3KH] = \}^lh-j<pHg,)<tU, ... (27) 

Thus tlie expression (23) can be rewritten as, 

Am — J — J 

T T 

— Amp-\-Am,j> (2S) 

where \ 

Anip I \ (29) 

and 

- - I <ir ... (30) 


The expression (29) gives the change in the inaguetic eneigy of a sphere due to 
a Pi clefoTinatioii , when the magnetic field assumed is purely poloidal (r, 0 com- 
ponents), whereas equation (30) gives the (‘hange in magnetic energy for the same 
deformation when the magnetic field is purely toroidal in (iliai acter. 

The equation (29) can bo written as, making use of tlie equations (10), (24), 
and (26), 

-10 

Since the integration over n in equation (31) vanishes for ,(2'a+i) ?= odd i.e. 
I = odd, we conclude that 

Arn.p = 0 for all n, but I = odd ... (32) 

Further, it can be easily shown that for n — \ the change in the poloidal 
magnetic energy, Anip, vanishes for all Z, except Z = 2, .which corrosponds to a 
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/^^-defo^Jnation. For a the cJiaiige, Am^, in poloidaliii agnetic 

Biiergy is of first order in e, and is given by 


A„, __ f 2»(»+l)j»(»-|_i)_3} , . r* 

~^ 2 -- L l2;rr[)(5HT)^-+3) X J 


R +1 


0 -1 

For the simplesl decay field, ctirrespoiiding to r ^ 1 , vve have 
Am^a 0 for I 2 


and 


~ lf5 J ^ i ^ >^in 2kygU 


(3t^) 


(M) 


Since Jc^gM are zeros of the function Jj^{k^glt), tlie above expression for the 
change in the poloidal magnetic energy, for a P,^ — deformation, can be put down as 


[Am„J, = ^ tsC^R‘ = ... (35) 

Thus wo see that in contrast to Aji, (equation 22), which is of second order in 
h and always positive, the change, Aw^,, in the poloidal inagiietie energy has a 
(oiitrihution even up to first order in c for a /*,-defonnalion. Hence we conclude 
that a magnetic sphere of constant conductivity with jioloidal field given by equa- 
tion (JO), is not an equilibrium form and would tend to an obJate splieroidai form 
for a Pa’dofnrmation. The extent of the collapse towards the oblate shape in the 
simplest decay field, can be found immediately by niinimisiiig the total change 
(A[i-|-Amip) for a . This leads us to the expression 




144 


-~mp~ 


g-2f/r 


... (:^6) 


The other part, Am^., in equation (28), which represents the change in the 
foioidal magnetic energy, can be evaluated, with the help of equation (10), (24) 
^nd (26), The results are expressed as, 

Aw-t = 0 for all »i, but I — odd 

= 0 for n ~ hut 1^2 ... (37) 

5 
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For a Pa-doformation, (I = 2), the change in the magnetic energy due to the toroidal 
component, Amr, is non- vanishing and is given by, for the simplest decay fioJd, 


[AtWuJji — 


4 ChUJ 
15 TT^S 


(3S) 


Thus the change in the total magnetic energy, Afn, due to a P^-deformation of ii 
sphere, with both toroidal and poloidal decaying fields, is 

Am = Amy + Amp 

— 0 for all n, but I = odd 

= 0 for n — 1 , but 1^2 ... (39) 

and I 

[A,m.U= (l- m 

Since s is a positive integer. Am, does not vanish for any value of ii. Thus we see) 
that the change, Am, in the magnetic energy is of first order in e, whereas the change 
Aq is of second order in f- and is always positive. We conclude, therefore, 
that with both toroidal and poloidal field (eq.10,11) the sphere is not in real equi- 
librium and would deform into a spheroidal shape of ellipticity given by 


=- 


35 

144 




(tW-r 


l\~ 

\ VttV 


(41) 


= - 3.5(Pp//f/)„2«-i/r 



4 

iTT^S^ 




in terms of the critical primitive polar field. 

If only toroidal field were present, its effect is to deform the sphere into a 
prolate spheroid of ellipticity, 




10 




... 


CASE II 

4: Stability of a sphere with poloidal and and toroidal field, vanishing at surface. 

When the internal field vanishes on the surface, r ~ R, of the sphere and in 
the space outside it, the calculations differ from Cose I in that the characteristic 
values In. are zeros of the Bessel function Jn+dKis^)- 
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The field componentB can then bo written aa, 

L r dr 

I ... ( 43 ) 

The (’orresponding magnetic energy is 




( 44 ) 


so that the sphere shall be dynamically stable for values of the field parameter 
, leas than the critical defined by, 


(y-=. I 12(2»^+l)i y_GiM 


5w,(n+l) J (I 


( 46 ) 


Again for fiehls leas than this critical, the change At; in the magnetic energy, due 
to a Pi -deformation of the sphere, is written as, 


Aw -= 0 for all n, but J — - odd 


( 46 ) 


and 


Aw — 0 for n ~ 1, but 1^2 

For a Pjj-doforrnation, the change Aw„ in magnetic energy is non-vaniahing and 
IS gi\cn by, (for w = 1), 

Aw,, = (Awjy H (AwiJjp (47) 

'riie change, in the poloidal magnetic energy can be easily workeil out and 

la given by, 


[Aw,.]„ C'^eR^ 4- 


L,R 


l\,R^ 


( 48 ) 


and the corresponding exiiression for the change [AW|g]^ in the toroidal energy 


lAm„lr = - 1 C'^cB^ 


^t^gR) _j_ ^18^ 1 

4 27 r{i 4 ^^,P“} J 


( 49 ) 


Ro thati the total change m magnetic energy due to a P.j-deformation of a sphere 
ith simplest decay field (poloidal -j- toroidal) becomes 


Am,, =: ^ 

15 


rz (i K)n2 7?2 1) I 


... ( 60 ) 
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Thus wfi SG6 that tJio aphero is not in true oQuilibrium with the deoay hold 
(pohidal-hioroidtil) vaiiishiiifr at the surface and in the space outside, since tJie 
change in magiwtic energy is iion-vaiiishiiig for P a-defomiation. The sphere 
shalJ deform to a .spherchdal shape, and the extent of deformation is easily written 
as (for n = 1) 


(el^)u 


9 OM'^ 






1 

I 27r{li/Ji‘+iy 


) - ( 51 ) 


If the field j)i'evalent in the sphere is purely toroidal, the sphere will tend to 
a prolate spheroidal shape of ellipticity. 


(e/R)i, 


^_^R^ [JMI,,R) l uR 

9 aM‘^ I 4 271(1 


(52) 
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ELECTRODELESS DISCHARGE IN A TUBE A^D MEA- 
SUREMENT OF ELECTRONIC MOBILITY II. 6XYGEN. 
NITROGEN, CARBONDIOXIDE AND HYDROGEN. ; 

S. N. GOSWAMI , 

Dbpahtment or Physics, CENTBAii Calcutta College, Calcutta. 

(Received for publication, September 10, 1067) 

ABSTRACT. ResultH of muasuroments of tlio peroontago mcroaso in the breakdown 
Ijotential and of electronic mobility in a discharge tube filled with N^, CO 2 and Ha, and 
oKfitod with a 50-cycle.q all,oi’nating voltage, wider a uniform magnetic field have been 
I'oported. Measurements are made at different preasui'es and under magnetic fields inclined 
at different angles with the elootrio field. 

INTRODUCTION 

In a previous communication the author (Goswami, 1958) reported that the 
value of the breakdown potential in dry air in an elcctrodelesB discharge tube, 
excited with a 5()-cycles alternating voltage, is increased in a magnetic field. The 
percentage increase in the breakdown potential is deiiendoiituiion the pressure, the 
strength of the magnetic field and its inclination with the electric field. The main 
features of the observed phenomena were satisfactorily explained in the light of 
the theory presented by Deb and Goswami (1950). In the present inveiitigation, 
results of similar measurements m oxygon, nitrogen, carhoiidioxide and hydrogen 
are reported and compared with those in dry air. 

EXPERIMBNTAh 

The experimental arrangement was practically identical with the pne des- 
cribed in our previous communication, except that particular attention was given 
to make the discharge system iree from moisture, grease-vapour etc. 

RESULTS AND DISCUSSION 

The results of measurement are given in Tables I-TV from which the variations 
cf the percentage effect and the electronic mobility with pressure for different 
values of the magnetic field at different inclinations can be obtained. The varia- 
tions, with pressure, of the percentage effect are also graphically represented for 
only two values of the magnetic field for each of the gases infigilres Ir-rSand of the 
electronic mobility in figures 9-^12.' ^ . 
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ACnm /Iff) ^ p(/n/n. Jfg) ^ 

Fig. 3. Fig. 4. 


A comparison of the results with those for dry air reported previously 
(Goswami, 1958) allows that the variations in both cases are similar. Table I-IV. 

V — Y 

It may be seen that the curves representing the variation of — with 

pressure as also of the electronic mobility with pressure have trends more oi- less 
similar to rectangular hyperbolas. It is interesting to note that this result is 
in agreement with the'*’ theory. 



TABLE 


Uniform Magnetic Field on Electrodeless Discharge 24 ^ 




TABLE II. 
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TABLE IV. 
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Fig. 12. 


At (ionstaiit temperature. A oc - , it follows from (1), (2) and (3) that under 
- V 

the present experimental conditions for a piven H, both p(f> and are constant. 
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ELECTRON SCATTERING AND IMAGE CONTRAST IN 
ELECTRON MICROSCOPY. 

P. SADHUKHAN 

Biophysics Division, Institute or Nuclear Physics, Calcijtta-9 
{Reietved for publication, Rebmarjf IS, IffUS) 

ABSTRACT. In the present paper, the elastic spattering cross ‘Sections for a 60 k.v. 
electron beam have been calculated for several different elements from the equations of MoliorC 
and Lenz. The variation of the soattermg cross-section with tho aperture angle and with 
the beam voltage has boon considered. Tlie inelastic scattering cross-sections for tho same 
olomonts have also boon estimated from Lenz equations. The values of diffeient cross-sootions 
iiavo been compared and thoir relative import, anco in tho product, ion of contrast, in an electron 
iiiicrosoopio image has been estimated. 

1. INTRODUCTION 

Tho degree of scattering of electrons in a specimen doterinmcs tho contrast 
111 the image formed by an electron microscope. Thin metallic films are often used 
for enhancing the contrast of biological specimens, because the electron scattering 
power of the specimen is then artificially increased due to deposit ol heavy atoms 
on its surface. It is, therefore, important to estimate tho contrast to he expected 
lor the deposit of a known thickness of metal vapour. 



Pig. 1 . Elastic orOBS-seotion duo to Molicro and Lonzfor 60 k.v. electrons as a function of 
6 for different ekmonts. 

In figure ] . a parallel beam of electrons is incident on the specimen The 
electrons are scattered in all directions and emerge out of tho specimen as a divei- 
gent beam. The electrons scattered at angles less than 0 with the optic axis 
are allowed by the objective aperture and focussed by the lens on the image plane, 
while the electrons which are scattered beyond 6 are lost to the image. 

The scattering by free electrons and multiple scattering are usually neglected 
la electron microscopic specimens which are normally very thin. Tho incident 
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electrons on encountering the specimeu are mainly scattered in two different 
ways ; 

a) elastic scattering with no energy loss, but change of direction, 

b) inelastic scattering resulting in excitation or ionisation of the atom. 

The total scattering cross-section is, therefore, given by, 


o--a-,4(r, ... (1) 

where, ar^ = elastic scattering cross-section, and cr^ = inelastic scattering cross- 
section. (Tf and ar^ have been calculated in the following sections for uranium, 
gold, palladium and chromium —the elements frequently used in shadow casting 
cross-sections for carbon have also boon estimated as all biological materials consist 
mostly of carbon. 

IT. ELASTIC SCATTERING CROSS-SECT! On\ 

Various elastic scattering formulae have been proposed to estimate the scat- 
tering cross-sections. Starting with the theory of differential corss -section of 
scattering by Williams (1939), Ohaiidbun (1952) of this laboratory derived a 
formula of elastic cross-section. In his review, Von Borries (1949) favoured the 
formula of Moliere (1947) which is based on Thomas-Formi atom model. But the 
formula derived by Lenz (1954) has been found to be in better agreement with 
experimental results by various investigators [Biberman (1949), Leonhard (1954), 
Haine and Agar (1956), Kompf and Lenz, 1956]. In this paper scattering cross- 
sections based on both Moliere and Lonz-eqiiations have been calculated and 
compared . 

a) Elastic Scattering According ixi Moliere. 

According to Moliere, for a beam of electrons of energy the differential 
cross-section of scattering per unit solid angle between an angle 6 and lor 

fast electrons is given by, 

d{NlN,) 

du da 


where, 


6.77 X 10-1’ X ^2/3 



da — '2,7r0 . d^. 


m 


a, = 0.1, 0.55, 0.35 
V== 36, 1.44, 0.09 

. _4.17xZi/» 

» ’ 
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and 0 is defined in figure 1. With the usual aperture diameters of 2.75, 5.6, 
27.5, 55 and 276/a and object to aperture distance of 2.75 mm, we get five values 
of 0 viz, 5 X 10“^, 10'*, 6 X 10~^, !()-“ and 5 X 10~* 


Substituting, X ~ ^ ^ 



e 


= 4 255xlO--“xZi>/»x 

^ Wno.z,,!,) 

L B 

With the help of equation (3), the elastic flc.attcrmg crosH-sectious have been 
1 ‘ali‘iiUted for lT(fi2), AIJ(79), Pd(4(j), r!r(24) and C(6). For 0 — 60 k v. and 5 
values of ^ — 5x 10"'*, 10"’*, fixlO"’*, 1(< 5xl0‘‘* radians which are frequently 

used in electron microscopic work. The calculated cross-secdiojis are contained 
111 Tatile I. 




TABI.E J 

Calculated values of elastic, scattering cross-sections {(Tg) from Moliere’s equation 
for different elonionts and for different aperture angles, 0 is assumed to 

be 60 k.v. 


V> e 

in 

in .k V. radiana 

Elastic scattering cross section ug in 10' 

-IH om2 

C 

Cr 

Pd 

Au 

IT 

6 X 10-“ 

1.51 

0 60 

22.84 

47.01 

57.03 

10“ 

1..50 

!).57 

22.81 

46.95 

57.55 

60 5xl0-» 

1 26 

8 87 

21 . 69 

45.31 

55.73 

10-2 

0.89 

7.36 

18.99 

41 05 

50.94 

6 X 10-2 

0.15 

1 B3 

5.67 

14.27 

18.46 


I)) Eh, Stic Scattering According to Ijcvz. 

According to Lenz, the differential elastic scattering cross-section per unit 
solid angle is given by, 

d(Tg _ 4212 1 __ 

'da 1^' V+i/JJ”)®' 


... 0) 
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where, 


«aiid, 


HubfitiiutiJig, 


dn = 27t 0 . dd 

as = 0.528 X 10-8 cni. 


27t0 

^ =r 

^^12^x10-8 


dcr, = - 


HttZ^ ddO 


as2 


f ^ X. I.O., == . 2ede = dx. 




SnZ'^ A® dx 


da. — 


V ’ ' {x+VB^)^‘ 


... ( 0 ) 


_ { j _ r dx 


= _ _j_ 1 ^ 1 \ 

TTa^^ ' Tra^® I gf‘^ + l/i2“J 


.. ( 7 ) 


TABLE 11. 

Elastic 8(!attcring cross-sectiona ((t^) calculated from Lenz^s equation for different 
elementa and for different aperture angles, ^ is assumed to be 60 k.v. 

tf> e Elastic scattering oTOBB-section pe in lO-is om2 

in in 

Ic.v. radians C Cr Pd Au U 


6 X 10-4 

0.83 

5.26 

12.40 

26.71 

31.50 

io-» 

0.83 

6.26 

12.49 

25.70 

31.49 

5 X 10-a 

0.80 

5.18 

12.39 

25.66 

31.32 

lO-^i 

0.73 

4.97 

12.06 

26.08 

30.80 

6 X 10-2 

0.18 

2.20 

6.68 

15.80 

20.11 


60 
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With the help of equation (7), the elastic scattering cross-sections have also 
l)een calculated for the above elements for ^ = 60 k.v. and different scattering 
iiiiglos. The calculated cross-sections are contained in Table IT. 

The results for (Tg by Moliere (Table I) and Lenz (Table IT) are shown in figure 
2. It has been found that the values of calculated from Moliere ’s equation 



Fig. 2. Inolustio croas-section due to Lenz for 60 k.v. oloctroua aa a luiicbion ol for e dif- 
ferent elements 

are almost double than those of Lenz at small angles. The two values become 
nearly equal at an angle of 5x10"^ radians. Tlie curves also indicate that for 
angles less than about 5 x 10~® radians, the elastic cross-sections do not change 
appreciably with aperture angles. 

111. INELASTIC SCATTEHINC CROSS-SECTION 

The atomic electrons will give rise to independent scattering as a result of 
vliicli they are either raised to a higher level or ejected out of their orbits. The 
cross-section of this inelastic scattering has been shown by Lenz as. 



2\^R^ Z 




+loge . - 


[- 


( '+gm) 




2{q^R^^i) 




( J 


7 
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2X^ R^Z 


j^log, (iH- ) 


1 

'2(gau:8+l) 


(«) 


with the laotations defined in equation (4). 

With the help of equation (8), the croBS-sectiuns for inelastic scattering have 
been calculated for U, Au, Pd, Cr and 0 for 5 values of 6 and ^ = 60 k.v. The 
calculated cross -Boctiona are contained in Table III. 


TABLE III 

Calculated values of inelastic scattering cross-sections (rrj for different elemciiitN 
for different aperture angles, 0 is assumed to be 60 k.v. ^ 


0 

in k V. 

0 

in 

radians 

Inelastic soattoring cross section in lO-is 

C 

Or 

Pd 

Au 

U \ 


.'5X10'+ 

2.06 

3.66 

4.70 

6.96 

6.34 


iO-a 

1 .67 

3.06 

4.0.3 

5.06 

5.40 

GO 

5Xl0-» 

0.80 

1.66 

2.29 

2.98 

3.20 


10-2 

0.46 

1.08 

1.66 

2.09 

2 27 


,<5 X 1 0-2 

0.04 

0 15 

0.26 

0.42 • 

0.48 


Comparing figs. (2) and (3) it will be noticed that the inelastic cross-sections 



Fj|f. 3. Elastic and Inelastic cross-sections of Gold due to Moliere and Lonz for 
aportui-e angle 10“^ radians as a function of beam potential (p 
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for tho heavy metals Pd, Au and U are very small compared to the elastic cross- 
seotioiis. Only in the case of C and Cr, the inelastic cross-sections are comparable 
to the elastic cross-sections. 

IV. VARIATION OF SCATTERING CROSS-SECTION 
WITH BEAM POTENTIAL 

With the help of equations (3), (7) and (8), tho crosB-sectioiiB for elastic and 
inelastic scattering have been calculated for Au, the metal most frequently om- 
ployed for shadowing in electron microscopy for = IQ-a radians and 4 values of 
fj) 40, 60, 80 and 100 k.v. The results are contained in Table IV, and are also 
plotted in figure 4 as a function of the beam potential 0. 

TABLE IV. 

Calculated values of elastic (<tJ and inelastic (o-J scattering cross-sections for 
Gold, for different beam potentials (j), 6 m assumed to be 10 2 radians. 


6 

in 

radians 

0 
in 
k.v . 

Scattoring cross-section in 1 0-i !icm 2 

ae 

(Moliere) 

Of 

(Lenz) 

a, 

(Lonz) 


40 

65.68 

38 68 

3.62 

10-2 

60 

41.05 

25 08 

2 00 


80 

28 9H 

18 .SI 

1 40 


100 

21.89 

14 26 

1 01 


It will be seen from figure 4 that for all voltages the inelastic scattering cross- 
t-cilion IS negligible compared to elastic cross-section for gold. 



tig. 4. Contrast diagrem due to any thiohnoss of C, Cr, Pd, Au and U — filmr 
for 60 k.v. ole ctrons and aperture angle 10“^ radians, assuming MoJiero’s 
equation of elastic cross-section and Lonz’s oquation of inelastic 
crosB-BQotion. 


V. CONTRAST IN ELECTRON MICROGRAPHS 
A specimen of thickness t may bo supposed to be divided into infinitesimal 
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layers of thickness dt, it can then be shown that if Iq be the incident beam inten- 
sity and I, the transmitted intensity, we have the relation, 


A - io . ... (9) 

where cr{0) is the total cross-section per atom for scattering above a limiting angle 
0, and 71 the number of atoms per unit volume of the specimen. 0 is defined by 
the objective aperture as shown in figure 1. 

The contrast g m the image is determined by the difference between the inci- 
dent and the transmitted beam expressed as the fraction of the incident beam 
and can be expressed as 

9 — {^0 It)l^ 0 

'I 

- i.PHo) \ 

= 1— c ^ (JO) 

TABLE V 


Kloment 
and atomic 
numbor ‘Z’ 

Film 
thiclcnesB 
in A.U. 

Conirasi Contrast 

‘g' in per- ‘j/’ in jw- 
contage centage 

(ae by Moliere) {aa by I^enz) 


5 

11 89 

7.57 


10 

22 37 

14 56 

U(92) 

15 

31.60 

21 02 


20 

.39 . 73 

27.00 , 


25 

46.90 

32.52 


.30 

53.22 

37.03 


5 

12.01 

7.74 


10 

22.57 

14 89 

Au(79) 

15 

31 87 

21.48 


20 

40 05 

27.66 


21« 

47.24 

33.17 


.30 

.53.58 

38.34 


5 

6.85 

4.59 


10 

13.24 

8.98 

Pd(4(i) 

15 

19.18 

13.10 


20 

24.72 

17.16 


25 

29.88 

20.96 


30 

34.68 

24.69 


5 

3 20 

2.03 


10 

6.28 

4.54 

Cr(24) 

15 

9 28 

~ 6.74 


20 

12.17 

8.89 


25 

14.98 

10.99 


30 

17.69 

13.03 


5 

0.77 

0 68 


10 

1 52 

1.34. 

C(6) 

16 

2.27 

2.01 


20 

3.02 

2.66 


25 

3.76 

3 32 


30 

4.50 

3.97 



^ifm - Thickness in Angstroms 
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where N — Avogadro number, 

A = Atomic weight 

p — Density of scattering substance in gm. oin“® 
t — Thickness in cm. 

and, cr[0) ~ total integral scattering cross-section between 6 ~ co. 

With the help of equation (10) and the previously calculated values of (T^ {0) and 
(T- (0), the contrasts corresponding to different film thicknesses are estimated taking 
both the elastic and inelastic scattering cross-sections into consideration. The 
L'osults are contamed in the Table V. Column 3 of this table shows the 
calculated values of contrasts based on the cross-section due to Molioro, while 
I'olumn 4 contains the values of contrast to be expected if Lenz equations are valid. 
Figures 5 and 6 show the contrast values for the elements most frequently used 
in shadow-casting. These diagrams are the plots of the results contained in Table 
V with ff in per cent taken as abscissa and the corresponding film ihit^kriess in 
Angstroms taken as ordinate. 



thioknoaB of C, Cr, Fd, Au and 
U — films for 60 k.v. electrons and 
aporture angle 10 radians, assu- 
ming Lena’s equations of elastic 
and inelastic cross-sections. 


VI. DISCUSSIONS 

Contrast in the image of an electron micrograph is influenced, in addition to 
the scattering, by such factors as (a) the spherical aberration of the objective lens 
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which depends on the angular aperture of the objective, (b) voltage sensitivity of 
the photographic plate used in recording the image. For the lowest values of the 
aperture angles, the effect of aberration 6 ^) is negligible and if one decides 
to work at a fixed accelerating beam potential then obviously the effect of tho 
beam potential on the photographic response need not be considered, So these 
two factors have been neglected in the present communication; only the effect 
of scattering of electrons by the specimen has been considered which is the main 
source of the production of contrast in electron micrograph. 

In the light of the results iiresonted in the paper, it is found that if 10% con- 
trast is considered adequate for good representation, then the thickncBSos 
of metals required are given in Table VI. 

TABLE VI ; 

Film thioknesa 
in A.U. 

Metal and atomic 


number 

from 
fig. (5) 

from 

fig- (fi) 

Uranium — 92 

4 1 

fi 7 

Gold— 79 

3 8 

6.2 

Palladium — 46 

9 8 

11 0 

Chromium — 24 

16 2 

22.0 


Hence from the accurate measurement of contrast with thin films of heavy 
elements at the lowest value of the aperture angle and at a fixed accelerating beam 
potential it should he possible to find the relative merits of the two formulations. 
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NEW EVIDENCE FOR A PARTICLE OF MASS ~ 525 me 
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ABSTRACT. While photographing stopped muons in a multiplate cloud chamber 
,il; Calcutta (sea level 12“N) nine pictures wore obtained in which the rate of change of lonisa* 
non of the ])artioles and thoir residual ranges were not compatible with that shown either 
l)y mu-mesons or by protons. Their mass values were obtained by measuring their change 
in ionisation in the successive gaps and thoir decrease in residual ranges. Ionisation was 
iiioasurod by drop counting. It was found that five of these particles gave an average mass 
viiluo .628 34 m<j and the remaining four an average of 280 ^ 21 m^. The close proximity 

of Iho latter valuo with the pion mass is a strong indication for the correctness of the method 
enililoyod. A probable decay event of the particle of mass 528 ra^ has also been given. 

1. INTRODUCTION 

Tho expei'imeutB of Alikhanyan ei al. (1948) and his collaborators at an altitude 
of 3250 mertes with several sots of G.M. counters and lead absorbers placed in a 
luagnetio hold indicated for the first time tho possible existence of mesons of 
vtirious masses as deduced from their magnetic deflections and residual ranges. 
The same group of workers also confirmed this evidence from observations in 
photogra])hic plates In 1962 a few events were obtained by Shapire (1952) and 
Perkins (1952) in photographic emulsions in which a primary particle of moss 
~ 525 was observed to undergo a small deflection after which tho average 
scattering of the particle increased two fold pointing to a decrease in mass by 
a ra(!l;Oi' of two. These authors interpreted the data as the decay of a particle 
which was called according to the mode 

few Mev) (1) 

Later, Daniel and Perkins (1954) stated that all such events, except only one, 
could he explained as a normal spread of mass values centred on the pion mass. 
There were, furthermore, three cases obtained by Leighton and Wanlass (1952) 
in a cloud chamber operated in a magnetic field where a visual estimate of ionisa- 
tion and measured momentum gave the mass value 450 i 150, 660 i 160, 750 
i 1 50 of which the first two are highly incompatible with either the pion or the 
If-moson mass. Three doubtful cases of the existence of such particles have 
boon reported by Inoki et al. (1957) from the study of slow meson masses. 

Hftcently an investigation was carried out by the authors (1967) to determine 
tho slow meson intensity at Calcutta (12°N) by stopping these particles in a multi^ 

269 
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plate cloud chamber fitted with five half inch Cu-plates and triggered by a threo^ 
fold coincidence cum anti-coincidence method. In course of analysis of the pin. 
tures nine cases wore observed, where the change in ionisation of the track of the 
Iiarticlo from gap to gap was much slower than that of a normal mu-meson hut 

more rapid than that of a proton or a -meson. The ionisation produced by these 
particles was estimated by drop counting in the different gaps and the mass ol 
each particle was determined by two methods, which although slightly inliir- 
dependent, help to reduce the statistical error. It is found that five of these 
particles exhibit a mean value of mass 528 i 34 m^ and the remaining four n 
mean value 280 i 21 m^. The close proximity of the mass value of the socoiicl 
group with the pion mass appears to be a strong evidence for the coriectness of 
the method. A preliminary report has been given by the authors (1958) ^n Scimca 
and Culture, March, 1958. ^ 

2. T H E M E T H O D \ 

The change in ionisation of a singly charged particle ou passing through 
a certain thickness of matter can bo easily converted into the corresponding change 
in pI/i{ — — of the particle from one side of the plate to the other from 

the Ijlm—plM' curves (figure 1). We then use the following equation of iUm\ 
and Greisen (1941) valid for a small momentum interval. 



p/ytt ► 


Fig. 1. 
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^R = R 


\li ) \fi J 2GB {(2>a/iW)2+ 1}4 {{pTiif^ l}i _ 


( 2 ) 


^^'here Ai2 is the thickness in g/em® of the plate, on passing through which the 
joiiisation of the particle changes by such an amount as to reduce the value of 
il-s 2*Im< li’om P 2 lp> to pjp. M is its mass in electron mass units, C is a constant 
for the material used and 5 is a slowly varying funcUon of ^)///. For copper, tho 
material used in this cloud chamber, 


G = 6.84 X 10-2au<l.B = 15.71+9.21 logMpi)- .-r , . 

fli sliould bo noted that Aii is known accurately and the accuracy of the value of 
(he mass determined from equation (2) essentially depends on tlm accuracy with 
M'liicb the ionisation of the particle can be measured in tho different gaps and the 
nmiibor of gaps available for such measurement. It should also bo emjihasisod 
that this method of mass determination is quite unsuitable for very heavy particles, 
siuh as protons where tlie change in ionisation from plate to plate is quite small 
and also for very light particles sinsh as mu-mosons where the number of gaps 
iivaihiblo for measurement (after //i„ > 1.5) is one or atmost two. But, for a 
particle of mass ~ 500 lUg, the change in JjJm well as the number of gaps in 
wducli such changes can be estimated are optimum for the determination of tho 
mass from equation (2). 

First of all drop counting was made on thirty selected mu-meson tracks of 
nniforin minimum ionisation which showed less than 0.5'^ of scattering in all the 
live half inch copper plates inside the chamber. They were obtained by trigger- 
mg the chamber with 3-fold coincidence only. The track in each gap was divided 
into about thirty colls of length oijual to the width of tho track and the number of 
di'ops ill each coll was counted after magnifying tho track to eight times its actual 
(limeiisiou at the time of formation. Back-ground counts of silver grains were 
made on both sides of the track at the same time and subtracted from the total 
coiuits per cell on the track. The statistical fluctuation of the background counts 

Biiiall and uniform and the overall statistical error in the final counts per 

of the thirty minimum ionisation tracks was less than 0%. Whenever a 
portion of minimum ionisation track was available in the picture containing the 
heavy track, drop counts were made on it and found to agree with tho value ob- 
tained from tho measurement on the thirty mu-meson tracks. The cloud chamber 
})re7ssuro, the delay of light flash, and the developing procedure of the film were 
hopt uniformly constant throughout the experiment. Out of about five hundred 
jiaiiic'los stopped inside the cloud chamber the rate of change of ionisation in the 
successive gaps was apparently smaller than that of mu-mosons in nine cases. 
•Seven of the particles stopped in tho fourth plate and two in the third plate and in 
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each of them drop counts were made on both the stereo views in all the gajis 
Back ground counts made on the same negative on the two sides of the track ^ve^e 




Fig. 2, 


then subtracted and the resulting number of drops per unit cell found out. Tlie 
ratio of the average count in any gap to the average count for the thirty niu- 
meson tracks was taken to be the ionisation of the particle in that gap. The 
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cliamber gas was argon and the number of ioh-pairs produced per cell was so high 
tJiat the error due to overlap of drop images was moro than fifteen per cent when 
the; track showed more than throe times minimum ionisation and no attemjJt 
at estimation of ionisation was made above this value. The values of ionisation 
of the nine particles in the different gaps obtained hi ' this way are given in 
Table I. ■ - 

All the five tracks of the heavy particles are shown in figure 2(a), (b), (c) (d) and 
(o) and two of the lighter tracks which gave mass values close to the pion mass 
arc shown in figure 3(a), (b) ol which the latter shows a visible decay electron, 
n will be seen from Table I, that although seven of Ihc nine particles stopped 
111 the fourth plate, ionisation measurements in the fourth gap wore toe high to 
be ineasnred in two cases. Measurements on the first gap of those tracks which 
wci’o near minimum m those portions wore not carried out extensively! Measure- 
incut in gap 2 of picture no. 11505 could not be made owing to tho distorted 
jinturo of tho track in this gap. 



Fig. 3. 

All these ionisatioh estimates were then converted into pl/i values from 
Idle Illfn—pl/i curve (figure 1) valid for an argon filled chamber. From Table 
1 we find that at least three such pfjn values were available for each particle which 
provided us with three independent estimates (12, 23, 13) of the mass value from 
oquation 2. Obviously pjjj, values have asymmetric statistical errors and so 
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TABLE I 

Ionisation estimates of nine particles 



Value of T/lt» above plate number 


1 

2 

3 

4 

11^06 

1.46 ± 0.16 


2.02 ± 0.18 

2.92 ± 0.22 

12060 


1.61 ± 0.13 

1.01 ± 0.18 

2.64 ± 0.20 

8610 

1.62 ± 0.14 

1.70 ± 0.17 

2.65 ± 0 23 


2700 

1.69 ± 0.16 

1.94 ± 0.18 

2.60 ± 0.20 


3705 


1.47 ± 0.17 

1.79 ± 0,19 

2.31 0.20 

i- 

1605 

1.33 ± 0.11 

1 67 ± 0.12 

2.74 ± 0.21 

\ 

12616 

1.40 ± 0.12 

1.66 ± 0.14 

2.70 ± 0.20 


1716 


1.32 ± 0.11 

1.66 ± 0.14 

3.18 -h 0.32 

3700 


1.34 ± 0.18 

1.76 ± 0.20 

3.11 ± 0 34 


also these three individual mass values, which together with their six oxtiemo 
values were combined to obtain an average mass for the particle and its Btaiidard 
deviation. These average values are shown in column two of Table II. 

It is well known that apart from the error in counting* and the error duo 
to overlap of the drops in highly ionising tracks, the ionisation process iLsell’ js 
a statistically fluctuating phenomenon, and the correction due to this w as in- 
corporated in the following way. The pjfi values obtained for the various gajjs 
were converted to iZ//t values for Cu (shown in figure 1) and then for each gaj) tlie 
total expected residual range of the particle was found out from the mean value of 
the mass obtained for that particle in the above manner and its Rj/i value for that 
gap. In this way the expected residual ranges of a particular particle after each 
of throe gaps were known from the ionisation in these gaps and since the thiokuesH 
of each plate is known accurately, the data gave us the mean expected rangi; of 
the particle in the plate in which it stopped. It should be noted that in obtain- 
ing the range of the particle in thQlaM plate we have taken into account the ionisa- 
tion of the particle in at least three gaps and the mean of this range is given in 
column 3 of Table II. The experimental residual range at any gap is now fixer], 
being the total matter subsequently passed through by the particle plus its mean 
range in the last plate as obtained above. 

If we now combine the Rjfi values os obtained from figure 1 from the ioni- 
sation estimates of the particle in each gap with its experimental residual range 
corresponding to that gap we shall get a value of the mass of the particle. ^ ® 
have given in column 4, Table II, the mass values obtained by the second uaetliof]. 
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Tiio two mass values thus obtained for each particle are then combined and the 
mean with its standard deviation given in the fifth column. It will be seen that 
the jiieaii values obtained for the first five particles (first group) are highly incom- 
putible with the mass of a pion or a ^L-meson, whereas the mean values obtained 
for the last four particles (second group) are quite consistent with the pion-mass. 

have lastly assumed that the particles in the first group have actually the same 
mass and so also those in the second group and a grand mean for the two groups 
i,s given in the last column with its probable error as computed from the whole 
data tor that group. 


TABLE II 

Mass values of the nine particles 


Pioturo 

mimbor 

A(p//i) 

method 

me 

Range in 
last plate 
(g/cm2 of Cu) 

method 

1 me 

Mean mass 
me 

Grand mean 
me 

11605 

638 ± 171 

8.6 

607 i 141 

672 ± 91 



12506 

668 ± 120 

11.0 

610 ± 120 

689 ± 65 



8610 

484 ± 210 

0.7 

673 i 210 

528 ± 123 

628 ± 

34 

2700 

483 ± 187 

0 

584 i 166 

633 ± 103 



3706 

416 ± 166 

8.6 

426 ± 102 

421 ± 76 



1606 

250 ± 70 

4.1 

269 ± 46 

254 ± 21 



12616 

317 ± 69 

4.8 

328 ± 65 

322 ± 20 



1716 

256 ± 65 

2.8 

273 ± 61 

264 ± 26 

280 ± 

21 

3700 

271 ± 79 

3.0 

201 ± 86 

281 ± 32 




Aiinis, Bridge and Olbort (1953) have indicated a method of rough estimation 
oT mass of particles stopping inside a multiplate cloud chamber by measuring 
ilu* projected angle of multiple scattering in a certain plate and the residual 
riiuge of the particle at that plate. The values of the product for 

j)late was computed, where (j) is the projected angle of scattering in a cer- 
iajti plate, R the residual range at the scattering plate and a = 0.66 for all 
cl('ment8. The average value of if for a large number of scatterings is found 
out and then equated to a theoretical expression which is a function of the mass 
of the particle, the thickness of the scattering material and a factor which is 
(‘oustant for a particular scatterer. Although this method is not very 
U'C'ciij’ate even when at least seven or more scattering angles are available, we made 
an attempt to find in this way the mass of the particle in group one above by 
oieasuring the three projected angles of scattering and the residual ranges. The 
final mean value of the mass so determined is 637 m® with an as symmetric statis- 
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tical error of nearly 20 per cent, if we assume that all the particles in group one 
are of the same mass, and exclude the scattering of the particle 2(h), 12505 in tlic 
third plate which is too high to be due to multiple scattering. The general agroo- 
mont of this value with the grand mean of group one particles in Table II is a 
strong support for the contention that the particles do exhibit a mass value 
^ 525mg. 

Lastly, we want to mention that if the particle actually has a decay mode 
given by equation (1) it will be hard to observe the charged decay product in 
a niuliiplato cloud chamber since the resulting 7r± will have a small range. The 
7 r° can however under suitable conditions be recognised by its subsequent decay 
into two photoiis and their resTiltant electron cascade. It is very interesting 
to note that the stopping of the particle (12505) in figure 2(b) in the fburth plate 
results in a heavy particle coming up towards the right which is stopped in the 
first plate it enters into and there is a pair of soft electrons towards theUoft. Tlic 
heavy ji^^'^licle may be interpreted as the low energy pion and the pap of elec- 
trons the effect of tt®. Alikhanyan et al. (1956) have also observed a pair iif elec- 
trons coming out in two cases from the point of stopping of such a particle. These 
authors further report that particles of mass ^ 550mp always appeared singly in 
their chamber and this agrees well with our observations that all the five particles 
have entered the chamber uriaceompaniod by any secondary, 
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ABSTRACT. An automatic atomoaphorics recorder was constructed for recording 
tliR electric field-changes during the various lightning discharges. It consisted of several 
fluitable units which were designed for obtaining complete, accurate and non. overlappi n g 
oKoillogmms with minimum waste of the recording film . The details of the component units 
and of the various associated circuits are described in the paper. 

INTRODUCTION 

For studying the waveforms of atmospherics, an automatic recorder was 
(Jenigued and constructed in the laboratory. The main object was to obtain a 
lull and faithful record of the electric field-changes during the various lightning 
discharges. It was therefore necessary to set up several suitable units for deli- 
ucating and photographing the electric field -cJianges on the fluorescent screen of 
a cathoderay oscillograph after suifficient amplification without distortion and 
adequate time-resolution. Suitable trigger circuits were constructed and employed 
for the intensity-modulation of the oscillograph. Necebsary circuits were set up 
for recording the initial part of the electric field variation which was of small 
magnitude. AiTangements were also made for avoiding overlapping of the 
osdlbigrams anrl for the automatic recording of the electric field-changes during 
the lightning discharges. 

COMPONENT UNITS IN THE ATMOSPHERICS RECORDER 

The various component units were not constructed in their final form at the 
same time. Some of the circuits were developed by stages after testing the per- 
formance of the entire equipment. No attention is, therefore, paid to the chrono- 
logical sequence in describing the various associated circuits of the different 
units. 

In what follows, we shall describe the different units of automatic atmospherics 
waveform recorder. 


1. AERIAL UNIT 

In the earlier experimental studies of the waveforms of atmospherics, an 
open-air horizontal aerial of effective height, 12 metres, and self-capacity, 266 
/f/iF, was used as the receiving antenna, but in the later investigations, a smaller 
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aerial of similar type with au effective height of 4 metres and self-capacity of 
100 fJijiiF. was employed. The vortical leads from the aerial were led into 
the observation room through proper insulators and they were well shielded to 
reduce the SO-cycles hum from the power mains. 

A resistance i2 of lA n and a condenser of capacity, 0.001 /a^, (figure 1 
were i)laced in series with the aerial, so that the latter was rendered aperiodic 


R 


tof 



To M.A 


Fig. 1* Aerial miit. 


with a time-constant which was small in comparison with the duration of the 
atmospherics. 


2. MAIN AMPLIFIER 

A wide-band, R-C coupled, Class A, tbreo-stage voltage-amplifier, havmp 
a fiat frequencjy -response from 100 c/s to 100 kc/s was constructed and used as the 
main amplifier. Two 6AC7 (Fi and V^) valves, each having a high figure of incnt 
were used in the first and the second stage of the amplifier, whereas a power 
pentode, 6AG7 (F-,), was found very suitable as an output valve. As tliose 
high-traiisconductance pentodes are quite microphonic, the whole ampUfier ivaB 
fitted with rubber cushions in order to protect it from mechanical vibrations. 
Duo care was taken about the lay-out and the wiring of the amplifier to reduce 
the pick-up of the 50-cycles hum by the amphfier. 

For the manual control of the total gam (80 db) of the amplifier, two calibrated 
carbon potentiometers were used as grid-leak resistances in the first and the 
third stage of the amplifier. The phase-shift distortion measured oscillograph i- 
cally and the amplitude distortion determined by the 'fundamental suprcssion 
method’ were found to be negligible in the useful frequency range of the ampli- 
fier. 

The detailed circuit diagram of the amplifier is shown in figure 2. 

3. SQUARE-WAVE TRIGGER UNIT 

For recording the oscillograms without over-lapping, the intensity- modula- 
tion of the cathode-ray oscillograph required for making it operative only on th® 
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arrival of the atmospherics, was effected with the help of a positive square-wave 
ii-iggor circuit in the following mamier : 

A part of the output voltage from the main amplifier adjustable by means of 
a potentiometer was fed into a single stage R—C coupled triode (F*— 6SC7) 
aiiiplifi®**) the output of which was connected to a cathode-follower phase-niverter 



(F5--6L6). The input of the latter could thus be adjusted to any desired level 
without disturbing the gain of the main amplifier. The balanced output 
voltages (with respect to the ground) from the phase-inverter were so 
fed into a double-diode (F^ — 6H6) via two peak-clippers (F^, F7— 6L6), 
that whatever might bo the polarity (positive or negative) and the amphtude of 
the initial portion of the atmospherics pulse, a positive voltage of almost fixed 
vahie (nearly 40 volts) was developed between the cathode of the diode and the 
ground. The output voltage from this double diode was then axiplied to a uni- 
vibrator (F9 — 6SN7) which remained quiescent until its action was initiated by a 
positive voltage of about 40V at its input. The univibrator was so aiTanged as 
to have a gt^o^si-stable state of controllable time from 0.5 to 2.0 seconds. The 
rectangular voltage output from the univibrator was differentiated and then 
ajiphed to a clamping circuit with a diode, (F^q — 6H6), from which only the sharp 
positive pulse was derived which was utilised to trigger another univibrator 
(Fji — 6SN7) the output of which gave a rectangular pulse of about 40V with 
a g'Masi-stable state of about 6 milh-seconds. This was applied to the modu- 
lating grid (usually kei)t at ;a high negative potential with respect to the 
ground) of the cathode-ray oscillograph thus allowing in cathode-ray beam to 
reach its full brilliance during the gwcwji-stable state of the pulse. 

During the gitasi-stable state of the first univibrator, lasting for a time of 
0.5 to 2.0 seconds, no further intensity-modulating pulse could be derived from 
the subsequent atmospherics. The entire triggering circuit would thus have a 
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quiescent time of the same duration after each triggering pulse, preventing thereby 
overlapping of oscillograms. 

The detailed circuit diagram of the whole square-wave triggering unit is 
shown in figure 3. 



4. DELAY LINE UNIT 

As a square-wave trigger unit would require a positive voltage of predeter- 
mined value, there must bo a definite time-lapse between the arrival of the at- 
mospherics pulse and the restoration of the brilliancy of the cathode-ray beam, 
the magnitude of the time delay depending upon the initial rise-time of the wave- 
form of an atmospherics pulse. Hence in order to restore the initial portion 
of the wave form lost in the oscillographic record, before triggering, it was neces- 
sary to delay the signal by about 60/«s, whereas tho undelayed signal was used 
for triggering the square-wave trigger unit. 

The delay-line was of a negligible rise-time and was of the form of a low-pass, 
ladder-type filter having 30 sections. The theoretical cut-off frequency of the 
delay line was kept as high as 150 kc/s, so that negligible phas'i distortion would 
be introduced in the useful frequency spectrum of the transmitted pulse. Be- 
cause of the low normal characteristic impedance of the delaj^-line, an impedance- 
matching amplifier was introduced between the delay-line and the main ampli- 
fier. The impedance-matching amplifier was essentially a cathode-degenerated 
R-0 coupled voltage- amplifier with a very small coupling resistance. A high 
transconductance valve (6L6), used as a triode, was found suitable as an ampli- 
fier tube, since it could accommodate a large signal voltage with negligible dis- 
tortion in the output voltage. 

The circuit diagram of the delay-line unit is shown in figure 4. 
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6. OSCILLOGRAPH UNIT 

A Cosaor double-beam oscillograph (Model No. 1036) with a cathode-ray 
tube of flat blue fluorescent screen was employed very successfully for recording 
Uio waveforms of atmospherics. Usually the atmospherics signal from the delay- 
line was given to the of the oscillograph. 

Pucklo’s hard-valve linear time-base of the oscillograph was found suitable 
as X'Swoop, because of its perfect linearity in the useful range of the sweeps. 
The time-range switch of the oscillograph would allow the variation of the trans- 
verse speed, the duration ranging from 16 microseconds to 160 milliseconds. The 
required transverse speeds were previously calibrated with the help of a 
standard audio- oscillator, employing the frequency comparator principle. The 
Hy-back suppression was made inoperative in order to trace the course of the 
horizontal lines in the raster arrangement. 

6. RASTER ARRANGEMENT 

In the raster arrangement there was a linear time-base using a thyratron 
— 884 R.C.A.) followed by a two-stage R-C coupled amplifier. The first 
stage of the latter worked as a voltage-amiilifier (F3 — 6 ACT) and the second 
stage was an impedance-matching amplifier (F^ — 6L6, used as a triode) similar 
to the one which was used in the delay-line unit. The linear time-base of the 
cathode-ray oscillograph would by itself deflect the cathode-ray spot horizontally. 
When the raster linear time-base with a period which was an integral multiple 
ol that of the horizontal sweep was applied simultaneously to the vertical de- 
flector plates of the cathode-ray oscillograph, several horizontal fines, one above 
another, were swept out and exhibited on the fluorescent screen of the oscillograph, 
biiiue the output from the main amplifier was applied to the same vertical 
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deflector plates of the osoillogfraph through the delay-line unit, any electrical 
field-change duo to an atmospheric pulse would produce a corresponding vertical 
deflection on the raster lines. 

The purjiose of the raster arrangement was to provide for the longer dura- 
tion of the oscillographic records without overlapping, at the same time permit, 
ting a greater time-resolution in the waveform observations. 

The detailed circuit diagram of the above arrangement is shown in figure 5. 



Fig. 6. Raster arrangement 

7. AUTOMATIC FILM-MOVING UNIT 

The function of the automatic film-moving unit was to move the photograplnc 
film forward through a distance of about 2 cms after each exiiosure and its w driv- 
ing may be briefly explained as follows : 

The intensity-modulating pulso derived from the square-wave trigger unit 
was differentiated and applied to a diode-clamping circuit, the output of which 
gave a positive pulse whicli was used to trigger a univibrator. A solenoidal relay 
placed in the plate circuit of the cut-off valve of the univibrator was encrgiBccl 
during its gwaai-stable state, thus completing the power supply of a capaeitor- 



Fig. 6. Automatic film-moving unit, 
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type motor which was free from electrical intorfereiico and fitted with a reducing 
frpai’ system. The motor-drive was transmitted to the spindle of the camera 
unit through a friction- clutch, so that the exposed film could be automatically 
moved forward about 2-cms distance during the g^uasi-stable state of the univi- 
bratoi’. 

The circuit diagram of the automatic film-moving unit is shown in figure 6. 

8. CAMERA UNIT 

The camera unit consisted of a F/1.9 lens of 10.4 cm focal length with wliich 
the oscillograms could be i^hotographcd continuously, either manually or auto- 
matically, on a perforated 35 mm film vdth the image reduction ratio of 3.6, 
Tlie exposed film moved forward by the conventional sprocket-drive method. 
Actually the body of the camera unit contained a main casting locating the driving 
,sp]’ 0 (’kots, the guide rollers and a film driving spindle which could bo coupled 
to the motor-drive unit. 

While taking observations, the camera shutter was kept ojien and the fluo- 
rescent screen of the oscillograph kept blank with the help of the hnbeusity-contror 
knob, so that the oscillograph would be intensity-modulated only on the arrival 
(»1 the atmospherics, with the result that the oscillograms would bo exposed to the 
him without any delay. After each exposure, however, the exposed fihn would 
move forward automatically by the automatic film-moving unit, so that the unit 
would be ready for recording the subsequent oscillogram, 

9. L 0 W-F REQUENCY TUNED AMPLIFIER 

This unit was essentially a narrow-band low-frequency tuned recoivoi- having 
a maximum gain of 65 db. The receiver was a transformer-coupled amplifier 
(Kj,— 6AC7) with a tuned secondary, tunable to any frequency between 14kc/s 
to 18 kc/s. The output of this stage was coupled to a conventional R-C coupled 
amplifier (Fg — 6SJ7). A cathode-follower (F^ — 6SJ7) with a step -attenuator 
as an input, stage to the amplifier provided a high input impedance to the receiver, 
so tliat the receiver when coupled to the aerial unit in parallel with the main 
amplifier would offer neghgible shunting effect to the main amplifier. 

The purpose of the unit was to develop any rapid electrical variations, in the 
initial portion of an atmospheric pulse, to an extent sufficient to trigger the 
s(piarc-wave trigger circuit for intensity-modulating purposes. This kind of 
triggering was found at times advantageous (especially when the electrical noise in 
tlio locality of the equipment was higher than usual) over the usual method of 
tiiggoring which has already been described. Being a tuned receiver, it was 
capable of discriminating the low-frequency electrical noise from the atmospherics 
pulses, BO that the high electrical noise was unable to trigger the square-wave 
lugger unit. As a consequence the wastage of the film was avoided. 
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The circuit diagram of the low-frequency tuned amplifier ie shown in figure 7. 



Fig. 7. Low frequency tuned amplifier. \ 

10. TRANSIENT GENERATOR UNIT \ 

In this unit, a condenser was charged and then discharged through a suitable 
inductance in series with a suitable resistance by means of mako-and-break ke>'. 
The L-C-R of the circuit was so adjusted that the discharge was oscillatory 
giving a r/^^ast-period of about a millisecond. This unit was found very useful 
for periodical testing of the performance of the automatic atmospherics recorder. 

A block diagram of the automatic atmospherics waveform recorder, 
indicating its various units is shown in figure 8. A few oscillograms representing 
electric field-changes during lightning discharges are shown in figure 9. 



*■ l-M0tULA7l2** 

' — r A.F.Nl 

Fig. 8. Block diagram of the automatic waveform recordei’. 



Fig. 9, Oaoillograms representing electric field-changes during lightning diaoharges. 
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CONCLUSION 

The automatic atmospherics waveform recorder described above was em- 
ployed successfully in the investigations on the wave-forms of atmospherics since 
1952. A preliminary report of the recorder in the early stage of its development 
already published by the author (Tantry, 1962). The construction of the 
Tooordmg equipment was initiated as early as July 1960, so that some of the 
fucuits which are in some respects similar to those employed by Clarke and 
Mortimer (1951) and Caton and Pierce (1952) were designed almost about the 
HciiTie time. 

ACKNOWLEDGMENTS 

The work was carried out under a Research Project sponsored by the Council 
of Scientific and Industrial Research. My thanks are due to the C.S.I.R. for the 
Iti'search Assistantship held by me for two years. 1 am also grateful to Prof. 
►S. R. Khastgir, D.Sc., F.N.T. for his guidance and help. 1 also sincerely thank 
Ml’. R'. S. Srivasiava, M.Nc. for his collaboration in a part of the constructional 
uk. 

REFERENCES 

Caton, P. G. F. and Pierce, E. T., 19G2, PhU. Mag., 48, 393. 

Clarke, C. and Mortimer, D. E., 1961, Wireless JSngineer, 406. 

Tantiy, B. A. P., 1962, Jour. 3c. & Induet. Bee., UB, 218. 


3 ' 



37 


ON THE THERMAL NEUTRON CAPTURE 
CROSS-SECTIONS 

H. S. HANS AND M. L. SEHGAL 

Depabtment OS’ Physics, Muslim Univebsity, Aligabh 
{Received for puhhcation, March 17, 1958,) 

ABSTRACT. Exponmental and theoretical values of thermal neutron capinro 
oross-Boctions have been compared for a number of cases. An attempt is made to explruu 
the discrepancy in many cases. It is proposed that in the case of Agiw^, Hg^'***, 

Mo'JTj and Hf'^Oj there exist negative energy levels close to zero energy. Radiation widlh 
in the case of Co!*** is considered to be 0.6 ev, instead of 0.2ev as given by Segr^. 

J . I N T B O D U C T I O N \ 

Thermal neutron absorption as well as activation cross-sections have been 
more or less exhaustively measured. They have been tabulated in the AECU-20I0 
(1955) report. It is possible to evaluate exactly the thermal neutron 
capture cross-sections theoretically, if the various parameters of the resonances 
near the zero energy are exactly known. Breit-Wigner single level dispersion 
formula should be valid in most of those cases, whore resoiiahces are separated 
enough to neglect any inierferenco effects It will be interesting to compare the 
experimental and theoretical values of these cross-sections. Any discrepancy 
between these values should reveal that either the information about the para- 
meters of the nearest known resonances is inadequate or there arc still other 
resonances on the positive or negative side of the zero energy . 


2. DISCUSSION 

In Tables 1 and II arc presented the theoretical and experimental values 
of thermal neutron capture cross-sections at 0.025ov. The experimental values aie 
invariably taken from AECU-2040 (1956) report . The theoretical values aru 
calculated from Breit-Wigner single level formula 01att and Weisskopf, 1952). 


y) 


17V __ (io \ 

4^(^V^r)’*+(lr)2 \eJ 


where <r^{n, r) is the cross-section at 0.025ev; g is the statistical weight factor ; 
Aq is the neutron wave length at 0.026 ev r„ and are the neutron and the 
radition widths of the reasonance under consideration; = 0.025ev; Er 
the resonance energy in electron volts and F is the total width given by 
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r — r„+r-yH-.... interference effects duo to the nearness of two levels of the 
Slime J and parity are, of course, neglected. The sources from which the values 
of various parameters are taken are given in the tables. 

Table I represents those oases whore the ratio i? is 1 within the uncertainties 
involved either in the resonance parameters used in the Breit-Wignor formula 
oi’ in the experimental values of cr^. In cases where I the total angular momentum 
of the target nucleus is very much greater than one, the value of J is taken to bo 
/ f ^ which anyhow does not differ very much from the value I—\. The values 
ot J of the compound nucleus of other cases given in Table I are normally 
taken from the existing literature. 

In Table TI are listed those cases for which the ratio R is generally quite dif- 
ferent from 1. In the first three cases i.e. Hf^’’ and Tb^'’*', it is found that the 
contribution to from resonances other than the nearest one is comparable to 
the fij'st one. The case of jy Qf particular interest where the contribution 
from the first level is hardly ten per cent of the total value. While in the case of 
I^fi77 the experimental cr^ is fully explained by taking into account the other 
resonances, the diecrepancios in Tb^®® and are still unexplained. It appears 
])OSHiblo that negative energy levels may bo contributing ai)prociably in these 
cases. Other cases in this table cannot be explained by the known positive 
energy resonances even taking into account the oxpernnental uncertainties in- 
volved. Careful consideration of the resonances of Ag^®^ Ni®“, In“®, and 



Fig. 1 

Mo®’ whore the value of 72 is very high, suggests very strongly the existence of 
negative energy resonances. In the case of and Hg^®® the negative energy 
resonances are also pointed out by Wood (1956) and Begre (1953). In calcula^ 
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TABLE I 


S.N. 

Isotope 

J value of 

cro i 

n bam 

Ratio 

1 R 

Reference 

nuoleuB 

Calculated 

Experi- 

mental 

1 

MnS.T 

2 

11.1 

13.2 

1.2 

Bollinger et aL (1965) 

2 

Mo»5 

3 

6.5 

13.4 

2.0 

AECU-2040 (1966) 

3 

Mooo 


1.0 

1.2 

1.2 

-do- 

4 

Mo08 


0.16 

0.4 

1.0 

-do- 

5 

Moioo 

i 

0.41 

0.6 

1.2 

-do- 

6 

Rhio!! 

0 

71.8 

160 

2.0 

-do- 



1 

215.5 

150 

0.7 

\ 

7 

Pdios 

i 

7.4 

12 

1.6 

Sogre (1963) \ 

8 

Agioo 

1 

02.6 

84 

0.9 

Wood (19.56) \ 

9 

Odxia 

1 

19974 

20800 

1.0 

SaUor (1966) 

10 

IniiB 

4 

181 

197 

1.0 

AECU-2040 (1966) 

11 

Snxxa 

i 

0.02 

0.01 

0.5 

—do— 

12 

Texas 

1 

413 

390 

0.9 

-do- 

13 

Sni24 


0.17 

0.20 

1.1 

-do- 

14 

Osias 

4 

17.6 

29.0 

1.6 

-do- 

16 

XeisB 

2 

2.94 

2.7 

0.9 

AECU-2040 (1966) 
Deutsch (1966) 

16 

SmX4B 

4 

31420 

60000 

1.6 

AECU-2040 (1955) 

17 

GdiOT 

3 

266064 160000 

0.6 

-do 

18 

Tmxflo 

1 

86 

118 

1.3 

-do- 

10 

Lui'^8 

16/2 

2361 

4000 

1.7 

-do- 

20 

HflTS 

4 

71.1 

76 

1.0 

-do- 

21 

TaXBi 

4 

13.7 

21.3 

1.6 

Wood (1966) 

22 

WX82 


9.1 

10 

2. 1 

AECU-2040 (1966) 

23 

Rexsst 

3 

74.5 

100 

1.3 

-do- 

24 

WXBO 


46.4 

34 

0.7 

-do- 

25 

ReiB7 

3 

39.4 

63 

1.6 

Segre (1963) 
AECU-2040 (1965) 

26 

Iri98 gn 

=0.4xI0~aev 140.9 

130 

0.9 

Begre (1953) 

27 

Auxbt 

2 

89.5 

98 

1.1 

AECU-2040 (1966) 
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TABLE II 


iS N. 

Isotope 

J value of 
oompound 

(TO 

in barns 





nucleus 

calculated 

experi- 

mental 



1 

1127 

3 1 

+ : 

0.10-1-0.89 

1.10=2.18 

6 7 

3 0 

AECU-2040 (1966) 

2 

Tbin» 

2 

( 

4.9 + 6.14- 
0.2=10.2 

44 

4.3 

-do- 

3 

HfJ77 


214 + 83 + 6 
= 302 

380 

1.2 

Igo et al, (1956) 
Segre (1963) 
AECU-2040 (1966) 

4 

Co“D 

4 

16.4 

37 

2.2 

AECU-2040 (1966) 
Segre (1963) 

r. 

Ni02 


] .33 

15 

11.2 

AECU-2040 (1966) 

G 

Mool 

3 

0.3 

2.1 

7.0 

-do- 

7 

AglOT 

1 

2.6 

30 

11.4 

Wood (1966) 
AECU-2040 (1066) 

8 

SnJU! 

i 

0.42 

1.3 

3 0 

ABCU-2040 (1966) 

9 

Iniia 

5 

4.3 

58 

13.6 

-do 

10 

Sniao 

i 

0.006 

0.14 

26.4 

-do- 

11 

Euios 

3 

1233 

420 

0.34 

Segre (1963) 
AECU-2040 (1965) 

12 

Hoi 03 

4 

21.8 

64 

2.9 

AECU-2040 (1966) 

13 

Ybio8 


3768 

11000 

2.9 

-do- 

14 

Hfl7 4 

i 

2.36 

1500 

638 

-do- 

in 

TTflTD 

1 

10 

66 

6.6 

-do- 

10 

Hfiso 

i 

0.26 

13 

62 

— do — 

17 

Wisa 

1 

2.3 

11 

4.7 

-do- 

18 

IriDi 

gfn=0.2 

X 10-8 ev 

267 

960 

3.6 

Segre (1963) 

19 

TTglQD 

I 

8.8 

2500 

284 

AECU-2040 (1956) 


o-,) (theoretical) for Co“», Ty is taken to be 0.3ev as given by Segre (1963). 
Hub value of could be in error. In the case of Mn®® also F, is 0.2ev according 
to Sogre (1953), but from the recent measurements made by Bollinger and Dahlberg 
(1955), F, = 0.6ev. As C0®« and Mn®® are very near to each other in atomic 
and Fy changes only slowly with atomic weight as point-ed out by Levin 
Hughes (1966), Fy for Co®® may be taken to be 'rrf 0.6ev. This gives the 
R nearly equal to 1. As all the resonances in Ho^"® and Hf^’® are claimed 
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to be known by Harvey et al. (1955), the discrepancies between the experimonlal 
and theoretical value of o-q cannot be accounted for by the known positive eneigy 
resonances. These again may be the cases where the negative energy resonances 
play some part. The rest of the cases I involve so many uncertainties in the 
various measurements that it is very difficult to assign any particular reason lor 
the discrepancies. In the case of isotopes of Sn and Hf, the pofcsibility of 
some of the unresolved resonances is quite strong. In the case of rare earths 
small impurities can make great contributions in the cross-sections which could 
be the cause of error in some cases. Figure 1. gives the value of the ratjo R 
for various atomic weights. TImj cases of discrepancy are solf-ovidont. 
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ON THE MAKING OF ELECTRET AND MEASUREMENT 
OF THE CHANGES OF DIELECTRIC CONSTANT OF 
A POLARISED ELECTRET FORMING 
MATERIAL WITH TIME* 

T. C. BHADEA 

Bose Institute : Calcutta 
(litaeived for publmttion, April 22, 1958) 

ABSTRACT. Klootrots were iiiado with coninierically available oarnauba wax. 

Inlluonces of voltago and toiiiperatuie on the loriimtinn of oleetrets wore studied. 

AltcTiipbs were made to moaBure the surface charges with an eloctroineLor. 

Variation of dielectric constant e and tan 6 were measured with time by moans of 
a universal capacity bridge. 

On a]Dplioation of tbe field in the molten condition of the material, only a fraction of 
(lie dipoles orient in the direction of the field, larger portion orient randomly in all other 
possible directions. Alignments of the dipoles in the parallel diioctioii increases Ihe dieleo* 
tiK constant. Depending on time more of the dipoles orient in the iiarallel direction due 
to the field mducoti by the dipoles, thereby increasing the value of dioled-nc constant In 
(be ]n’esont investigation, abnornially high increase in the value ol dielefdric constant/ along 
tile direction of the field was obtained. But when the dielectric constant was measured at 
light angles to the direction oi the field, the values of the treated material were found to 
1)0 loMor than those for the control sample. 

A. 0. conductivity of the material was calculatdod from the measured values of e and 
bill S. 

1. INTRODUCTION 

Adams (1927) found that electret materials were piezo-olectric. But Gemant 
(19)15) and Nakata (1927) could not find any piezo-electric effects, and Thiessen 
(1936) and co-workers obtained only small deflections of the electrometer upon 
the apphcatioii of pressure, which they ascribed to capacity changes rather than, 
lo piezo-electricity. In view of this apparent contradiction, it was thought 
Avorthwhile to undertake further investigations to elucidate the question. 

The experimental investigation here reported was undertaken with the hope of 
flndiug out some materials which on being electrically conditioned, might attain 
liiczo-electric property. An artificially made piezo-electric material may be 

* Part of tho results has been published in Phys. Rev. 1055, 98, 1728. 

This paper contams the essential materials of the subsidiary part of a thesis approved 
I’y the Calcutta University for the degree of Doctor of Philosophy (1957). 
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fruitfully utilized to the best advantage as a substitute for piezo-electric quartz 
crystal and also magnetostriction type transducer to generate ultrasonic energy 
in a certain frequency range — specially in the Ipwer frequency region 20-100 kc/s 
Intensive private commercial investigations have been made. But their findrugs 
are of no use to the scientific investigators as they are naturally unwilling to diH- 
close their findings. 

Materials having permanent dipole moment may attain the property of 
piezo-electricity, when they are electrically treated. Under this condition, iJiey 
may be said to have attained the property known as electro-strition. LikewiHc, 
in the field of magnetism, there is magneto -striction. By electro-striction it is 
understood that the volume of the dielectric material changes, resulting ! from elec,, 
trie polarisation. Of considerably greater interest is the production of roernianeiil, 
polarity in a dielectric whereby a polarised barer plate of dielectric behaves 
like a permanently polarised steel bar or plate; such an object was called by Heavi- 
side (Engineering, 1885, quoted from Physical Chemistry by Partingtop, J K.) 
an ‘electrct’. Usually the properties of the polarised material measured do not 
include that of elctro -striction but includes the measures of e and tan S. 

When an electric field is applied to a polarised material along the direction 
of the permanent polarisation, the material lengthens. If the applied field is 
reversed, a shortening occurs. Thus an alternating field applied along the same 
line as the polarisation causes the material to alternately lengthen and sljorteii 
its dimension along this line. This effect is used directly in driving thickness 
vibrations in the direction of the applied field. It is used indirectly through 
Poisson-effect in driving radial vibrations of a disc, and length vibrations of a bar 
when field is perpendicular to length. By applying the driving field perpendu ular 
to the direction of permanent polarisation a shear strain is produced. 

Eloctrets were investigated experimentally by a number of workeis 
(see references). A mixture of wax, specially carnauba wax, a little beeswax and 
rosin are used and the fused mixture is allowed to solidify in a strong electric 
field. It has been found that the charge so produced on the surface is not removed 
by a flame, treatment with X-rays, washing with various liquids or shaving off 
the surface with a knife. When the charge on the surface is removed it re-apiiears 
after a time. The surface charge is measured by an electrometer. The initial 
surface charge is a hetero-charge, opposite in sign to the charge on the metal plate 
during the preparation, but there is a rapid change to a homocharge, of the same 
as that on the plate. The anode layer assumes a short-lived positive charge, 
rapidly subsiding to a steady somewhat lower positive charge which is constant 
for several days. The general conclusion is reached that the charge on an electret 
is not due to polaidsation of the dielectric tliroughout the mass, but is in the nature 
of a surge charge communicated from the electrodes. 
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In th6 present investigation, initially, lin attempt was made to measure 
the surface charge against time by means of a Wulf ’s type electrometer. But no 
satisfactory results were obtained. The electret was found to behave like an 
slcctrophorous and so measurements with this electrometer was discontinued. 
Subsequently measurements were made of the change of dielectric constant 
of the electret forming material with time, after it had been treated with uni- 
du’cctional- electric field. The property of the polarised material includes the 
measure of c and tan S. 

Ill course of the measurements of the dielectric constant 6 and tan d some 
remarkable findings were obtained. It was found that the dieletric constant 
ijicreased to an abnormally high value after some days. This high value after 
bovering for some days dropped down to a lower value. In the present report, 
ilic changes of dielectric constant with time under different conditions of the 
formation of electrets, are presented. The piezo-electric effects of electret will 
ho reported later on. The results obtained are shown in the diagrams (figures 
2-(i). 



1.— The sohematio experimental arrangements for making an eloctret and devices to 
measure ohargo, diolectrio constant e and tan 8- 
l^.U.T.— Polarising High Tension ESV-Eleotrostatic voltmeter; /lA-Microammeter; C-Capa- 
oitor unit which contains the dieleotrio imder investigation; E-Electrometer; B-Uni- 
versal capacity bridge; T-Thermomoter; Te-Hoadphone; H-Bunsen burner. 


4 



284 


T. C. Bhadra 

2. THEORETICAL C O N S I D E^^IT 1.0 N 8 


Molecules are composed of positively and negatively charged particles in such 
numbers that they are neutral as a whole. In polar molecules there is finite 
distance of separation between what may be termed the centres of gravity of posi- 



Fig. 2. Oraph A showB tlio plot for the change of dielectric constant of the Bpooiinen under 
test against time in days. AylSO^O-Toinperaturo, whon the field was applied. 
Graph B shows the plot for the change of dioloctric constant of the control spenn 
men against time BylSO^CreferB to temperature up to which it was raised. 
Polarising field E = 11.6 Kv/cm. Graph 2C-shows the change of a.c. oonduotivily 
R of the polarised material against time. 



Fig. 3. The change of tanS against time 
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Fig. 4. Graphs AjilSO^C and B2»90°C show the effect of temperature of tho material at 
which the field was applied on the chango of dielectric constant with time. 




Fig. 5, The change of dielectric constoni. against time. Fig (6a) — Along tho direction of 
field; Fig. (5b), Curve B-change at right angles to the direction of field and curve 
A-shows the olionge for tho control specimen in the capoitor placed perpendicular 
to the field. 



Fig- «. 
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tive and negative electricity, and the polarity of a molecule becomes less as tlioso 
centres of gravity in a molecule approach each other. When placed in an electri- 
cal field a polar molecule will tend to orient itself in such a way that the positive 
part of the molecule points towards the negative electrodes and the negative part 
points to the positive electrodes. The force required to orient the molecules will 
depend on the magnitude of the charges and on the distance between them. The 
dipole moment is defined as the product of one of the charges and the distance 
between the two average centres of positive and negative electricity. 

On application of external electric field, the dipoles of the domain struc- 
ture orient in the direction of the applied field. It is assumed that orientations 
of molecules in all directions are equally probable. The alignments may be in 
parallel, antiparallel and other directions. Under the aligned condition, the 
medium is said to be polarised. Saturation electric polarisation, apparently, 
cannot be reached without dielectric breakdown. For this breakdo^ of the 
dielectric medium an electric field of the order lOW/cm is required. Ifrom the 
practical point of view, it is too difficult a situation to bo materialised easily. But 
in the neighbourhood of an ion, or the dipole, the field may bo as high as JO^V/cm. 
There is also a dependence of dielectric constant on the applied field and electros- 
triction. 

On account of the regular distribution, the dipoles are mutually coupled 
in a special way by the very powerful internal field in the structure. If a weak 
field is applied, the internal field enhances it by resulting orientation of the dijioleR. 
The spontaneous parallel arrangement of all dipoles gives rise to a high dielectiic 
constant, but also occasions a very large dielectric loss due to hysteresis. The 
oriented dipoles exert supplementary forces and the resulting change of dimen- 
sions leads to new positions of stability. 

Solid substances, such as Rochelle salt, ammonium dihydrogen phosphates 
and barium titanate have got unusually high permeabilities (or dielectric cons- 
tants). These are the analogues in electrical properties of the so-called ferro- 
magnetic bodies with abnormally high magnetic permoabilitios and also showing 
the properties of hysteresis and permanent magnetism. The correspoding 
dielectrics, in view of their essential property, the unusually high dielectric cons- 
tant, are termed as hyperelectrics. Many of the fundamental ideas have been 
carried over to the electrical analogues, in particulaa? that of domain structure. 
While considering the domain structure, the elementary dipoles are identified 
with domains containing a large number of atoms, the permanent dipole moment 
of which are aligned in one direction inside each domain. This alignment is 
assumed to be due to a permanent intra-molecular field extending over the whole 
volume of the domain, the existence of the field is supposed to characterise a 
hyperelectric material. Many investigations have been carried on Rochelle 
salt, AD phosphates and barium titanate. But no investigation has yet been 
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carried along these lines on oarnanba wax. In the present investigation, an at- 
tempt was made to investigate the case of camauba 

(a) Calculation of polariaahility 

Iict the material under investigation contain molecules per cubic centi- 
metre, all of the same kind and in the same state a. The polarisation of the, 
medium will be 

(1) P = N^B, where R stands for dipole moment. 

For an isotropic medium, the Lorentz field, 

(2) — E-\-4:7tPIS may bo denoted as the effective field. Expressing 
by this relation, the expression for the polarisation of the medium may be written 

afi 

(3) P = Ni E/(^~ — 4-a j ^ stands for the polarisability of the 

molecule in the state a. 

From electromagnetic theory, the electric displacement vector D may bo 
expressed in the following way, 

(4) D = tE — .^+47rP, where e is the dielectric constant of the medium. 
In terms of polarisability, the dielectric constant may be written as 


( 5 ) 


€= 1 + 




or 


e— 1 

^+1 




With the help of the equation (6), the amount of polarisation produced in tlio 
electrically polarised dielectric material can be estimated. This partial polarisa- 
tion is supposed to be responsible for the piezo -electric effect. 

{h) Calculation of a.c. conductivity of the dielectric material 

An alternating field, 

(6) E = Eq sin {27rtlT), where T is the period, when it acts on a dielectric, 
the current through the dielectric is represented by 

(7) I{t) = /o cos (27TtlT-d) = 7o cos d cos {27itfT)+lo sin 6. sin 27rt/T. 

The cosine term represents the displacement current and the sine term, 
the conduction current. If G is the capacity 

(8) lo COB d = { 27 tIT) G. Eq\ /q sin = (47rP/e) GEq, where E is the 
conductivity and e is the dielectric constant. The loss angle S is determined 
from equation (8) by 

(9) ta.ji S=^2TBIE 

Or 7? e tan S12T 
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3. EXPERIMENTAL ARRANGEMENTS 

The entire experimental arrangements are shown in the schematic diagrams 
figures 1(a) and 1(b). 

Figures 1(a) and 1(b) show the arrangements of melting, polarising by apply, 
ing external fields, and the respective apparatus for measuring charges, dielentric 
constant e and tan d. Temperature was recorded by means of the thermomote]' 
T. In figure 1(a), the electrodes dipped into the molten dielectric were of tin and 
those in the figure 1(b) were the commercially available condenser plates. The 
external field applied to polarise the material was measured by means of an det', 
trostatic voltmeter and the current through the material during the time of polaris- 
ing was observed by means of a microammeter, connected as shown in the figures 
1(a) and 1(b). These meters remained connected till the material was cooled down 
in air. ! 

Carnauba wax, the material under investigation in the present ^pernnont, 
was melted and the temperature was raised to some higher level above the melting 
point. At a particular temperature (kept approximately constant by manual 
manipulation of the flame) the external field was applied, and the malierial was 
kept under tension of this applied field at that temperature for about 15 raimiies, 
Then the flame was removed and allowed to cool in air. It required about 8 to 10 
hours to solidify. (This was verified by actual experiment). After solidification the 
external field was removed and the charge was measured by a Wulf ’s type elootro- 
meter, and the dielectric constant e and tan S were measured by means of a uni- 
versal capacity bridge. From the magnitudes of the measures of charges or 
change of dielectric constant the amount of polarisation produced in the material 
were estimated and thereby confirming whether the specimens of material under 
investigation were turned into an electret or not. Eleotrets were made under the 
following conditions ; 

S. No. Temperature Applied 

in 0°C field KV/cm 


(1) 

90 

6.1 

2(a) 

180 

2.0 

(b) 

180 

6.1 

( 3 ) 

180 

11.6 


(4) Two condenser units arranged in such a way so that the plates of one 
unit is orthogonal to the other unit. 

This is to measure dielectric constant both par* to the direction of the applied 
field and perp. to the direction of the applied field. 

(5) Material was melted and temperature was raised to I80°C and then 
allowed to cool in air. In this case no external field was applied. This speoinion 
served as a control. 



Making of Electret and Measurement of Dielectric etc. 289 

4. MEASUBING INSTRUMENTS 
L Wulf’s single string electrometer 

A schematic diagram of the electrometer is shown in figure 1. The fibre is 
pjacod 111 a uniform electric field between two knife edges. The lower end of the 
fibre rests on a quartz bow and the upper end being connected to an electrode 
which passes through a high grade insulator. The arrangement of connecting the 
specimen under investigation and the electrometer is shown in figure 1. The 
fibre deflection is observed on a micro-scale fitted hi the eye-piece of a telescope. 
The capacity of the system being previously determined, the charge stored by the 
electromotor can bo ascertained. 

2. Marconi universal capacity bridge Type No. TF 868/1. This instrument 
incorporates an oscillator to generate a.c. voltage of lOOOc.p.s. There is an 
ji.c. bridge circuit arrangement m which the oscillator output voltage of definite 
magnitude is applied. Any change in the capacity of a condenser is observed 
from the deflection of the meter. Direct readings of capacity are obtained in this 
apparatus. There is also provision to measure tan S, where S is the loss angle 
and Q which is reciprocal of tan d. Another provision is included to insert a 
headphone. The readings of the capacity of a condenser are taken from the gra- 
duated dial corresponding to the null-deflection of the indicating meter or from 
iho minimum intensity of sound produced in the head-phone. Both those devices 
may be employed simultaneously quite independent of each other to determine 
die capacity of a condenser so as to ensure more correct readings. 

6. EXPERIMENTAL 

(a) In the first part of the present investigation, attempts were made to 
measure charges in the electrically treated dielectric material by means of an 
electrometer against time. 

The hypothesis behind this measurement was that the molecules having 
dipole moments would align in the direction of the applied d.c. polarising field 
-field being applied in the molten condition of the dielectric material and conti- 
niied so till the dielectric was solidified. So the surface near the positive elec- 
trode would be negative and that near the negative electrode positive. This 
dielectric system would then act as an electrostatic coll having two distinct posi- 
tive and negative poles at the two faces but possessing no current supplying capa- 
t‘ity, unlike the storage cell which can supply current. When such a cell is con- 
nected across a sensitive electrometer, there should be some deflection of the 
fibre of the electrometer, thereby proving the development of voltage due to charge 
foT'mation at the surfaces. But when the experiment was performed, no de- 
flcotioii of the fibre was obtained even at the most sensitive condition of the 
electrometer. 
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In the next phase, this cell system being connected to the electrometer, 
the upper electrode was raised suddenly by holding the rod attached to tJie 
electrode by means of a polystyrene insulator (shown in the diagram figme la). 
This time the electrometer fibre was deflected and the deflection was also obtamecl 
when the electrode was suddenly brought near the surface of the dielectric but 
not physically touching it. This kind of operations of the electrode gave de- 
flections of the fibre even when the two faces of the dielectric were earthed before 
each operation. The explanation of these observations will be given in the 
next section. 

The exi)eriment was not continued any more, as no convincing and con- 
sistant results were obtained with the electrometer which was supposed to be 
not sensitive enough for these measurements. I 

(b) Finding no promising results in the charge-measurement experiment, 
the direction of experiment on polarised dielectric material was turned^, to a dif- 
ferent course. This time attempt was made to measure the change of dielectric 
constant e and tan S with time so as to obtain information of the amount of polaii- 
sation produced in the dielectric. 

In connection with the measurements of dielectric constant e and tan S, 
the followmg experiments were performed with the help of the universal capacity 
bridge as described in the previous section : 

(1) To measure the change with time the dielectric constant of d given 
wax material which was melted and subsequently allowed to solidiiy 
in a given electric field (figure 2a). 

(2) To measure the variation of tan S with time of the same specimen 
(figure 3). 

(3) To study the effect of the strength of the initial polarising field on the 
subsequent change in the dielectric constant of the material with time 
(figures 2a, 4a). 

(4) To study the effect of the temperature of the molten dielectric at the 
time of applying the polarising field, on the subsequent change with tune 
of the dielectric constant of the material (figure 4). 

(6) To measure the changes with time of the dielectric constants, both 
in the direction _of the applied field and perpendicular to the direction 
of the applied field (figures 6a, 5b). 

(6) To study the effect of melting the dielectric without any impressed field 
on the subsequent change of dielectric constant with time (figure 26). 

Experiment No. 6 served the purpose of a control. 

6. RESULTS AND DISCUSSION 

(a) The observations that were made in the measurement of charges were 
not consistent and conclusive, and so the results obtained have not been reported 
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111 the present paper. A remarkable observation was however made viz., the fibre 
of the electrometer deflected when the upper electrode was suddenly raised from 
01 brought near the sm’face. This finding can be explained only if the dielectric 
ivitli the two eloctodes systein is assumed to act as an electrophorous. The 
dielectric became polarised while an external electric field was applied in the 
nioli en condition of the dielectric. Subsequently, it was cooled in air without the 
applied voltage being withdrawn. No discharge could develop at that state. 
On the two opposite surfaces of the dielectric slab positive and negative free 
charges accumulate due to the applied field. This can be neutralised by a leak 
(lisf'harge through the body of the dielectric slab. In our rase the leak discharge 
vvas extremely small and not detectable with the instrument used and the charge 
icmained frozen-in. 

Dioloct-ric absorption observed in all solid dielectrics, is caused by delayed 
orientation of d]j)olea, molecular rearrangements, displacements of strain of co- 
valent bond and ionic displacement in polarisation. On account of absorption, 


TABLE 1 


ExjJt. 

No. 

Value ol' 
air 

capacitor 

Temperature 
Polarising of the diolec- 

field Ji'KV/cai. trio when the 
field was 
applied 

Froq. of the 

nioosm'ing 

voltage 

Biesults of 
experiment 
as obtained 
agamsl time 

1 

2 

3 

4 

6 

6 

1 

33 . 5 MMf 

1 1 6 Kv/cm 

180‘’C 

1000 o.p.s. 

Fig. 2a 

2 

33 6 M/af 

11.6 Kv/cm 

ISO^O 

1000 op..s. 

Fig. 3 

3 

33 . 5 .u/ur 

11.6 Kv/cm 

180"C 

1000 c.p.s. 

l<'ig. 2a 


28 . 5 m 

5 . 06 Kv/cm 

ISO^C 

1000 o.p.s. 

Fig. 4a 

4 

28.5 

6.06 Kv/om 

ISO^C 

1000 o.p.s. 

Fig. 4a 


28. B m 

6 . 06 Kv/cm 

90“C 

1000 o.p.s. 

Fig. 4b 

G 

2.1 ju/tf 


180“0 


Fig. 6b 


Perp. to Fiel 






10.2 fLfii 

2 Kv/om 


1000 o.p.s. 



Parh to Field 


ISO^C 


Fig. 6a 

6 

33. s 

No field 

180“O 

10000 o.p.s. 

Fig. 2B 


[Table I Bhowe the oonditions under which the expei^ente ™re 
Column w tefere to the flguree where the r^eotiye voluee of . 
egainet ttae. Column (») hhows the TOtae of applied P;d»»a™g ^ 
temperature when field wee applied. Last row ehows the enpeninentel oheraotetietw oj 
the octroi qpeoimen - 
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a capacitor containing solid dielectric can neither be charged nor discharged 
instantaneously. Dielectric absorption in combination with an adequate heat 
treatment produces the electret effect. 

Further work in this lino, with a much more sensitive electometer, is in progress. 

(b) Experimental results of the dielectric constant e and tan d measurc- 
meiits of a typical sami)le of commercially available carnauba wax, are shown in 
the figures (2) to (5), and table I shows The different conditions of experhnonta m 
a summarised way. 

In the present investigation, no attemjit was made at securing high pre- 
cision. Here the mam object was tt) get information of the change of polarisation 
due to the action of electric field, in a very qualitative way. This ih turn avus 
obtained from the measurements of the dielectric constant. To that ^tent, the 
present investigation is a successful one. Not only dielectric constantle but also 
tan A', was measured in the same experiment. KnoAViiig e, tan and the period 
T of the a.c. moasuring voltage, the conductivity was calculated by utilising the 
formula (9). 

The results of the experiments performed arc sliown in ihc figures (2), (8), 
(4) and (5). Tlio figure 2(6') shows the calculated a.c. conductivity of the polarised 
material against time. 

§ 

I. (A). Figure 2, graph 2A shows the variation of dielectric*, constant 
e against time. From the study of the graph 2A, it is ovidemt that there is a gi-adnal 
rise of the clielecdric constant for tlic^ first 13 days. Then after the IStli day there 
is a sharp rise in the mcasurcA of 6. The value of the dielectrics constant rcnnuiis 
at that higher level— with many njis and downs — for about 68 days and after 
which there is a sharp fall . On close observatiem of the curve, it is found thai 
the fluctuations m the measurements of the dielectric constant before the chatc oi 
sharp rise have got some correspondence Avith the same after the date of fall. 
Moreover, in the measurements of the dielectric constant at the higher level stale, 
it was noticed subjectively that the hoad-phone gave indications of tremen- 
dous noise and it Avas very difficult, sometimes it was practically impossible, to 
get the minimum sound-position at the highest sensiCive condition of the measur- 
ing instrument. This excess noise may be attributed to bo the cause of molecular 
re-arrangements due to internal induced field. Greater the number of dipoles 
aligned in the direc’tion of the field, greater is the polarisation. Here it may be 
supposed that on the ajiplicatiou of the field in the molten condition of the material 
some dipoles were aligned in parallel and some in antiparallel and the rest in all 
other directions accoi‘ding to the following statistical law% n — nf^e~/iFIKT cos d> 
where T is the temperature of the substance. 
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(B) Jnterpretaiion of the mechanisms involved in the entire process of maMng 

The wax material is kepi for a fcw’^ hours in molten condition in a strong oloo- 
trio field and then allowed to sohdify with the fioJd on, after which the external 
electric field is withdrawn. 

We may picture the solidified wax material as follows: 

(I) At tho two ends are two strongly polarized oloctrets A-^ and Ag in figure 

fi(a) 

In between those two eleetrets are the wax dijiolo molecules, which try to 
nrieiit themselves parallel to tho direction of tho field duo to the two eleetrets 
ylj and Ag. Such orientation arc ojiposed by the viscous forces in tho material of 
Ihc wax. Gradually there will be increasing alignment of the wax molecules along 
the directions of tho field due to Ag. Thtj measure of this orientation will be 
the change in the value of dielectric; co-efliciont. 

Tho variation of the predicted change of e with T as illustrated in figure 
(i(l)) corresponds roughly with tho observed dependence of e with T as given in 
figure 2(o). 

(i) In first stage the portion AB of figure G(b) represents an almost linear 
increase of dielectric coefficient with the applied finite A.O. field. 

This corresponds to the portion of the curve in 2(A) between 0 and 15 
days. 

(ii) in the second stage BO of figure 6(b) when the dielectric co-efficient 
increases very rapidly with the applied A.O. field corresponds to the 
portion of curve 2A between 15 and say, 22 clays. 

(iii) we can consider that correspondmg to the portion CD of figure 6(b) 
is the portion between 22 and 90 days iu the curve 2 A. 

(iv) there is an abrupt change in the dielectric coefficient curve 2A between 
90 and 110 daj^s. Probably more than one interpretation of this 
observed effiect is possible. The following one appears to bo reasonable. 

During the stages (i) to (iii) the field due to tho olectret pair can bo assumed 
to remain on the whole constant. Even during this period there is gradual loss 
of charges forming the eleetrets pair A^ and due to 

(a) loss of charge to the surrounding air and (h) due to conduction through 
tho main body of the slightly leaking dielectric. When the charges on Aj and Ag 
hecome negligible, we arrive at a stage when there is a dielectric polarisation in 
a viscous dielectric body not maintained by any external electric field. The ten- 
dency towards random orientation of the dipole molecules in a zero external field 
which corresponds to an increase of entropy becomes effective and tho wax body 
returns to its initial state. 
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(C) Qwmtum-mechanical 'picture. 

In the language of quantum mechanics, it may be said that the molecules 
liad moved to the state h from the state a. The state h represents a state foi' 
higher dielectric constant than that for states a. State of interchange of mole- 
cules were caused partially by the applied electrical field and subsequently tho 
stage b was attained by the time dependent induction of field due to dipoles. The 
state 6 of the system of molecules is the unstable state. So the system returiin 
to the stable state a after a length of time. The life of the state 6 depends upon 
the applied electric field. This is evident from the graphs 2A and 5A, as obtained 
in the present investigations. The entropy of the molecular system in the slate 
b decreased as the system passed from the state a, where the entropy of the sys- 
tem was larger, to the state 6. As the transport was forced, the systeMs revetted 
to the stable state a when the influence due to the applied field died down. TIuk 
suggests the breakdown of the alignments of the domains. \ 

2. Further it was found that the abnormally high value of the dielectric 
constant of the polarised material, came down to the normal value when the 
material was remelted. Melting of the material destroyed the aligned distribn Ijoii 
of the dipoles and so there was no evidence of the increase in the value ot iJio 
dielectric constant with time. 

3. Tan S which determines the loss, was measured with the capacity bridge. 
The plot of tan S against time is shown in figure (3). From the graph, it is islear 
that the value of tan S was very small at the start. But in five days, the values 
increased very rapidly. Subsequently it remained at the higher-value level 
having some fluctuations. From a comparative study of the curves for (i) dielec- 
tric constant e against time (figure 2, curve A ) and (ii) tan d against time (figure 
3), it is found that the value of dielectric constant dropped down to a lower level 
after about 90 days and thereafter gradually attained the values of e nearing theses 
of unpolarised material but the values of tan d did not drop down to lower level. 
The cause for the attainment of lower values of c may be attributed to the break- 
down of the alignment of the domains. That for the higher values of tan 8 even wlien 
the values of e came down to lower values, may be interpreted in the followmg 
way. Values of tan 8 depend on the product of the dielectric constant and the 
resistance which is a h 5 rpothetical series or shunt resistance associated witli the 
actual condenser to account for the loss in the dielectric. Since the mean values 
of tan 8 as obtained in the present investigation are found constant, it may he 
inferred here that this constancy i.e. the product exR, can be maintained even 
-when the value of e dropped down to lower level, if there is a corresponding rise m 
the values of M. An increase in the value of k is possible, if the alignments 
of the domains break down. In the present investigation, the results indicate 
that this state of affair might have ooemred. These two observations on dielectric 
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constant and tan 8 suggest that the alignments of the domains broke down after 
.ibout 90 days and the material lost its electret property. 

4. The a.c, conductivity of the material was calculated with the help of the 
equation (9). Calculation of « required the measured values of e and tan 8 of 
the material and also T, the period of the measuring voltage. The plot k against 
lime is shown in the graph figure 2{C). Greater the development of surface 
(iliarges, greater will be the a.c. conductivity. In the present investigation, the 
cause of the variation of a.c. conductivity of the material against time, may 
bo attributed to the alignments of more and more dipoles in the direction of applied 
lield, resulting thereby in greater amomit of polarisation and hence surface charges 
winch caused the increased value of a.c. conductivity. 

5. The temperature of the molten material, at which the field is to be applied 
plays an important role in making electrets. Results of tyincal experiments 
performed, are shown in the graphs 4A and 4B. Hero the applied voltage remained 
Uio same, but in one case the temperature was 180°C and in other 90°C. For 
tins particular sample of the material, a compromising temperature of 180°C 
was found suitable for bettor results, without destroying the property of the 
material. Above 220‘^C, the material got charred. Considering these points, 
all the exporiements were performed at 180°C. 

6. In an experiment, the change of dielectric constants both in the direc- 
tion of the applied field as well as at right angles to the field were measured . Results 
obtained are shown in graphs 5(a), 6(b) A and B. Figure 5(a) shows the 
change of dielectric constant along the direction of the field. Graph A of figure 
5(b) shows the change of dielectric constant against time, when the system acted 
as a control and graph B of the same figure shows the variation at right angles to 
the applied field. Here it is apparent from the graphs A and B that the dielectric 
csonstant decreased with time, with the exception for a short period of 3 to 4 days, 
wliGii the value of the dielectric constant was larger than the control. In all the 
experiments, where the dielectric constants were measured along the direction 
of the field, the values were always higher than those of the control from the very 
start of the experiment. This remarkable observation of the present investigation 
may be interpreted in the following way. 

The domain structure may be supposed to have three axes of symmetry. 
Of the axes (X, Y, Z) say, the X axis was aligned in the direction of the field and 
tho other two Y and Z at right angles to X, were oriented in any other direction. 
Under the joint action of the field induced by the dipoles and the measuring voltage 
one of the axes F or ^ was oriented in the direction at right angles to the field. 
So tho dielectric constant increased. The curves are drawn in a magnified scale 
so as to show the small changes in the values of dielectric constant clearly. 

7. The effects of the applied field on the making of electrets are shown 
m figures 2 and 4A. Larger the magnitude of the applied field, more enhanced 
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is the effect produced. Moreover, the life of the state b depends on the applied 
field. Results of the experiments as depicted in figures 2 and 4A support this 
view. Exact relationship between the applied field and the life of the state h 
of the electrically treated material cannot be decided at this early stage of experi- 
ments. For this, experiments in details are being undertaken. 

The present investigations being preliminary, no attempt to theorise or 
go into the details of the experimental studies was made. Here the main object 
was to make an electret and then to employ it to generate ultrasonic energy. The 
preliminary observations on the first part are reported here. Works with greater 
details are in progress. 
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DIURNAL VARIATION OF DEVIATIVE ABSORPTION IN THE 
Fa REGION OF THE IONOSPHERE 

S. K. SHAKMA 

Radio Communication Labohatohy, Enginebuing Colleqk, 

Banabas Hindu Univeksity, Banauab-5 

111 reconi years many papers have appeared dealing with the non-deviative 
absorption occurring in the lower D, E and regions. Not much attention, 
however, appears to have been paid to tho deviative absorption occurring in the 
Rj region. An attempt has, therotore, been made in the present work to study 
tho diurnal variation of deviative absorption occurring in the region by 
measuring total absorption of frequencies close to the critical frequency of the 
Fg layer. 

The total absorption of the waves has boon calculated by modified method 
of Piggot ( 1 963) from the amplitude measurement of first and second reflected 
eclioes averaged over five minutes. Tho exploring frequencies were selected near 
the critical frequencies of Fg layer, so that they might suffer heavy deviative 
absorption in tho Fg region. Curves I, II and III in the given figure show the 
diurnal variation of observed total absorption for throe suitably spaced frequencies 
for a typical day. Curve IV shows tho diurnal variation of maximum electron 
density in tho F, layer calculated from critical frequencies. From tho curves 
I, TI and III it can be seen that there are two maxima of total absorption having 
a dip between them at local noon. The curves further indicate earlier decrease 
oi total absorption at higher frequency than that at lower frequency. 

The total absorption of such higher frequencies is made up of two components, 
namely, the non-deviativo absorption in D, E and F^ regions and deviative ab- 
sorption in the Fg region. It has been established theoretically by Appleton 
(1953) and later showed experimentally by many investigators that the non- 
deviative absorption acquires its maximum value after local noon due to slug- 
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gishness of theso layers. The cause of two maxima, therefore, seems to be asso- 
ciated with the doviative absorption. It may be mentioned that the two maxima 
as shown by curves I, II and III are due to lowering of total absorption at local 



Fig. 1. (A) Diiirnal variation of total absorption on 7-1-57. 

(1) Curve I for 11.6 Mo/a. 

(2) Cruve II for 12.5 Mc/s. 

(3) Curve III for 12.5 Mo/s, 

(B) Curve IV maximum elootron density variation 
during the day. • 

noon. It therefore seems that deviative absorption is decreasuig with the advance 
of the day which is further evident from the observation that the fall of total 
absorption at lower frequency starts a little later than that at higher frequency 
undergoing more deviative absorption. The lowering of deviative absorption 
with the advance of the day can not be explained in terms of electron limitation 
in the layer as the electron density is found practically constant throughout 
the hours of observations as can be seen from curve IV, It is therefore cniinludod 
that the lowering of deviative absorption in the Fg region with the advance of the 
day is due to thermal expansion of the layer. 

The author is highly indebted to Dr. S. S. Banerjee for constant guidance 
during the progress of the work. _ 
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indexed powder diffraction data on dihydroxy- 

FUMARIC ACID, ANHYDROUS, C^ H, 0« 

M. P. GUPTA AND Q. P. DUBE 

DEFAnTHBNT OV PHVSIOB, BaNOHI CoiAUaB, KANOHI 

(Received for publication, S'ebruary *7, 1968) 

f'lioniical evidoiico that clihydroxyfumaric acid, C4H4 0fl, has the Irans- 
(oiifi'fiiiiilioii has been given by Hartree ( 1963 ) while conclusive evidence regard- 
luw this acid having the tr ana- configuration in the solid state has also boon given 
i,y thipla ( 1953 ) using single cryatala of dihydroxyfumaric acid, dih37^drate, 
('jljC),,, ^HoO imd X-ray methods. Attempts to crystallize the anhs'^drous acid 
(lu wilhoLit the molecules of water of crystallization) from absolute alcohol 
and other organic solvents by surrounding the solution with a packing of solid 
(iirlioii dioxide have proved unsuccessful. The powder diffraction data of the 
aiiliydi'ous acid, however ,^are of such simplicity (figure 1) that it has been possible 



Fig. 1- 

tu index the data unambiguously after only a few trial combinations. This 
indexing leads to an orthorhombic cell with 

a = 12.93A, b = 9.47 A, c = 8,82A. 

The volume of the cell so chosen is 1081. 2A®. With the measm’ed density of 
die powder material (1.80 gms/cc) this gives 8 formula units (C4H4O0) of the 
‘iiiliydrous acid in the cell. Whether the coll is primitive or non-primitive, the 
availiihle powder do^ta are insufBcient to give any correct indication. However, 
the very marked simplicity of the powder data and the absence of a largo number 
of lilies of simple indices indicate that both structurally as well as from the 
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BpacG group symmetry the crystal would tend to show a hypercentric distribution 
(Lipson and Woolfson, 1952). 

The powder diffraction data are given in Table I. Corrections for film slirink- 
age have been applied. The diffraction angles were checked independently by 
obtaining a diffraction curve on the Norelco Geiger counter diffractometer. 
There was good agreement regarding the diffraction angles but agreement witli 
the film-method regarding intensity was only quahtative which may be due to 
preferred orientation in the sample prepared for the diffractometer. 


TABLE 1 


X-ray diffraction powder data j 

I 


a (A) 

hkl 

Ilh 

d (A) 

\kl ■ 

Observed Calculated 

Observed Calculated 


3 

0.47 

0.47 

200 

5 

2.15 

2.16 1 

[0141 







2.15 \ 

241 

1 

4.73 

4.73 

020 



2.15 1 

[033 

3 

4.41 

4 41 

002 

1 

2.04 

2.04 1 

[2141 







2 04 1 

[233J 

50 

4.10 


[102] 







4.17 1 

L02iJ 

1 ' 

.98 

1.98 

[124] 







1.^ 

[423J 

2 

3.41 

3 40 

212 








7 

1.93 

1.94 

602 

100 

3.08 

3.07 1 

[4101 







4.07 \ 

130 

1 

1.82 

1.82 

[250] 



3.06 1 

[302J 



1.82 

[404J 

15 

2.84 

2.84 

230 

1 

1.70 

1.75 

442 

1 

2.69 

2.70 

231 

1 

1.69 

1.09 

721 

1 

2.58 

2.57 

1U3 

1 ‘ 

1.59 

] .59 

640 

20 

2.45 

2.45 

123 

10 

1.54 

1.54 

604 

1 

2.31 

2.33 

2.33 

ri40 

[223^ 

1 





The experimental work was done during part of Exchange Visit Program 
P-72 at the Potytechnic Institute of Brooklyin, N. T., and one of us (Gupta) 
is greatly indebted to Prof. I. Fankuchen for providing all the laboratory 
facilities. 
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AFFERGLOW IN p-CHLOROTOLUENE AT -180“C 
B. C, BISWAS 

OrTK’fi i:)EPATtTM:EMT, INDIAN ASSOCIATION FOlt THE CCTLTIVATION OF SOTKNOE. JADAVPLUI 

(Received for publi'^ion, April 2U, 195.S’) 

The lumineacence spectra exliibited by p-ohlorotoluene in the solid state 
at (lilToront low temperatures and also those exhibited by the substance dispersed 
ill different rigid media were studied by Sirkar and Biswas (1956) and by Biswas 
(1056). If is, however, not known whether this luminescence consists only 
of fluorescence or any afterglow of comparatively longer duration is mixed up 
vvjtli fluorescence. As such an information i^ould be extremely helpful in finding 
out the origin of the luminescence the method of Lewis and Kasha (1944) has 
1)0011 used to investigate the spectrum of the afterglow which is superposed on 
that due to fluorescence in the luminescence exhibited by crystals of p-chloro- 
tolucno at --•1S0°C. 

'fhe liquid sealed in a glass tube was dipped in liquid oxygen contained in 
a Dewar vessel of pyrex glass and the whole arrangement was next placed within 
A hollow metallic cylinder. This cylinder was provided with a rectangular 
iilieiture in its wall and it was rotated by a I).(h motor with 1450 i p.m. at a 
utnfoiTn speed. The sample w^as illuminated from one side by the light from 
a mercury arc in l^yrex glass tube. The exciting radiation after passing through 
a liglit filter transmitting mainly the 3650 A group of Hg lines was focussed on 
tlio sample by means of a cylindrical condenser. The light emitted by the 
sail) file 111 the transverse dii'ection was focussed on the slit of the spectrograph. 
As the metallic cylinder was rotated the sample was alternately illuminated 
tlirough the aperture and was focussed through the same aperture on the slit 
of the spectrograph. In this way, the light emitted by p-chlorotoluene approxi- 
mately during the period from 0.5xl0~^ sec. up to 10”^ sec. after the cessation 
of excitation was recorded by the spectrograph. A spectrogram of the after- 
glow emitted by p-chlorotoluene during the period mentioned above and photo- 
graphed with an exposure of 6 hours is reproduced in figure 1. 

A preliminaj’y comparison of this spectrogram with that due to the total 
lummescenoe indicated that the intensity of the afterglow mentioned above 
constitutes a small fraotion of the total luminescence. In order to make a more 
preciise estimation of the relative intensities of the total luminescence and the 
afterglow mentioned above, the sample was illuminated constantly under identical 
conditions and the spectrum of the light emitted in the transverse direction was 
photographed with an exposure of about half an hour. The aperture in the 
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cylinder covers about one-tenth of the total area of the cylindrical surface and 
hence the e 3 cppsuro times of 5 hours and half an hour in the two oases mentioned 
above are effectively equal. Comparison of the two spectrograms reproduced in 
figures 1 and 2 shows that the luminescence omitted by p-ohlorotoluene during 



Fig. 1. 


the period from 0.5 xlO'^ see. to 10“^ sec. after the cessation of excitation is 
less than one fifteenth of the total luminescence omitted by the substance. The 
main contribution to the intensity of total omission is then due in all probability 
to luminescence having average life time shorter than 0.5x10”® sec. More 
detailed investigation of this jiroblem is proposed to be undertaken in this 
laboratory in future. 

I'he author is grateful to Professor S. C. Sii’kar, D.Sc., F.N.I. for his kind 
interest and guidance during the inogress of this work. 

E 1^' E R K N C E S 

HiHWiih, D. ('. JDfiO, J. rhys,, 30, 

Ct. N. und Ka.sl)a, M, J944,, Jour Am. Ghcm. iS’oc., 2100. 

Snitttr,. S. C., amtl Rihwus., D. C, 1956, Jour, Ghem. Phys., 24, 470. 
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STUDIES ON A RHOMBIC ANTENNA WITH 
CYLINDRICAL HELICES AS THE ARMS 

ASHOKE KUMAR SEN 

Institute of Radio physics and Electeonios, University of Calcutta 
{Becdved for publication, April 2, 1958) 

ABSTRACT. The inpuL indpedanue and the directivity of a rhoiiibjc antenna with 
amis in t-he form of cylindrical holices of constant pitch angle have boon studied. 

On tho basis of certain plausiblo assumptions, theoretical expressions have boon derived 
to obtain the input iiiipedanco and the directivity of the antenna. The results havo been 
coinparod with experimentally observed values. 

1. INTRODUCTION 

The rhombic antciiua is widely used in military and commercial services 
for point-to-point communication. It is a wide band antenna and possesses 
substantial degree of directivity. These two properties, as is well-known, result 
I’rum the aperiodic nature of the system. The rhombic antenna, however, suffers 
fi'om a number of limitations mentioned below : 

(i) The horizontal and vertical radiation patterns being perceptibly do- 
liundeiit on one another, it is impossible to obtain high angle radiation except 
at very low gain and for very broad horizontal pattern; 

(ii) Wastage of input energy at tho terminating resistor, thereby greatly 
reducing tho efficiency of the system; 

(hi) Large plot of land is necessary for its erection. 

The first difficulty is reduced to a considerable extent by using arrays of 
rhombic antemias in cascade, which, in addition, suppress smaller unwanted 
lolies of radiation and improve the radiation efficiency. The second difficulty is 
effectively minimised if the input impedance of the antenna is lowered by using 
multiple wires (spaco-tapered) instead of single conductors constituting the arms 
and also by feeding the energy at the terminal end back to the system in a manner 
that progressive waves flow round the network (Neimann, 1939). 

In an attempt to reduce the third difficulty, the present author has investi- 
gated the possibility using cylindrical helices as tho arms of tho rhombic antenna. 
In a helix, the “axial” velocity of the electric wave is less than that along a 
linear conductor so that a rhombic antenna with helices as the arms should in 
offect correspond to a much longer rhombic antenna with linear arms. The 
antenna studied consists in each arm a helix designed for a midfrequency of 
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600 mc/s. The pitch angle and the length of each turn are 12° and 20 cm. pos- 
pectively so that the helix operates predominantly in the “normal” mode over 
the entire frequency band. 

The impedance characteristics and the radiation pattern of this antenna have 
been studied both theoretically and experimentally. The results of these invest), 
gations are reported in this paper. 

2. EXPERIMENTAL ARRANGEMENTS AND 
MEASUREMENTS 

The rhombic antenna has been designed to operate in the frequency range of 
300 mc/s to 900 mc/s with the mid-frequency of 600 mc/s. Each arm of the 
antenna consists of a cylindrical hehx of 10 turns made of hard-drawn copper- 
wire (1/8" in diameter). The pitch angle of the helix is about 12° ani the length 
of the wire in each turn is 20 cm. The total length of wire in ea^h helix is 
200 cm; that is, 4 wavelengths at the mid-frequency. The axial length of the 
helix IS 40 cm. The inclination between the arms is made according to the 
standard design chart for the ordinary rhombic antenna (Smith, 1948)) its value 
being about 145°. The included angle is adjusted to 36° so that the first 
maximum lobe may be directed along the major axis of the rhombus and its 
elevation is of the order of 17.6°. The elevation 17.5° is chosen because of con- 
venience in the measurement of radiation patterns. The antenna is mounted 
horizontally over a copper-wire net at a height of about 3.76 wavelengths 
(corresponding to 600 mc/s) which satisfies the condition * of maximum field 
intensity at the elevation angle of 17.6°. The copper net of close mesh provides 
the perfect “ground”. 

(i) Measurement of impedance : 

The layout of the rhombic antenna with its measuring devices is shown 
in figure 1. The input impedance is measured by means of a twin-wire standmg- 



Fig. 1. — Block diagram of the experimentol arrangement for the meoBuroment of input 
impedance of the antenna. — 

wave bridge designed and constructed for the experiment. A balance-to-un- 
balance transformer is incorporated at the input end of the bridge since the gene- 
rator output is taken through a co-axial cable. 

Several wavelengths of line are placed between the bridge and the antenna, 
thereby eliminating the need for locating symmetrically both the operator and the 
measuring equipment. The line length, however, is so chosen that the 
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attenuation introduced by it may be neglected (Tomiyasu, 1949). The measure- 
ments have been made at frequencies from 300 mc/s to 900 mc/s. Tlie impedance- 
frequency and standing-wave ratio characteristics are shown in figures 2-3. 
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2.— Illustrating the variation of tlie calculated (dotted line) and the observed (solid line) 
values of the input resistance with frequency. Observed (chain lino) values of input 
impedance is also shown. Frequency range- 300 Mo /s to 900 Mc/s. . 



Fig. 3.— Observed values of the resistive (i?) and the reaol-ive (X) parts of the input impedance 
and also the SWR characteristics. Frequency range : 300 Mc/s to 900 Mc/s. 

(ii) Mtamrtmml of radiation pattern : 

The antenna together with the balance-to-unbalance transformer and the 
tapered feeder for impedance matching are erected horizontally above the ground. • 
The height ofthe antenna from the copper net of close mesh which acts os ground, 
is adjusted so that the major radiation lobe satisfies -the condition of maximum 
field intensity for an ordinary rhombic antenna. The receiving antenna is a dipole 
placed at a distance of about 10 wavelengths (corresponding to 600 mc/s) from the 
antenna under study. The height of the dipole is adjusted so that it receives 
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maximum ‘'illumination” from the major radiation lobe, which makes an angle 
of 17.6° approximately with the plane of the rhombic antenna. 

Imperfect termination of the antenna over the frequency-band generates 
back radiation due to the standing waves on the conductor arms, but its magju. 
tude has been found to be small. Consequently, the measurement of the radia- 
tion pattern has been made only in the forward direction and the test antenna is 
swept through an angle of 180°. Both horizontally and vertically polansod 
components of the field have been measured only in the horizontal plane. I’ho 
vertical-plane patterns, however, could not be measured because of experimental 
difficulties. 

The crystal detector being a square-law device, accurate measurement of 
small side-lobe amplitudes is difficult. Hence, only the major lobes at different 
frequencies have been measured. The tendency of the major lobe to split up at 
the higher end of the frequency band has been shown in one partiWlar case 
(figure 7f). I 

The plots of radiation patterns for different frequencies arc shown in the 
figures 7-9. 


3. THEORETICAL CONSI HR RATIONS 
(i) Calculation of impedance : 

An approximate formula for the average characteristic impedance of the 
antomia has been derived by the standard method based on Schelkunoff ’s treat- 
ment of the biconical antenna (Scholkunoff, 1943). For the biconical antenna, 
Schelkunoff assumes that only the TEM transmission mode is present, so that 
both E and H lines are entirely transverse, that is, they have no radial compo- 
nent. This satisfies the boundary conditions since E is normal to the surface 
of the cones and the H lines are circles lying in planes normal to the polar axis. 
The voltage between points 1 and 2 on the cones at a distance r (figure 4) from 
the terminals is given by 

^ ^Jtc 

F(r) = | E,.rM ... (D 

Oh, 

where is the half-angle of the cone. — 

The total current at the same point is obtained by Ampere’s law, 

I^r) = I H^r sin dd(j) = Inr sin ... (2) 

0 

If the biconical antenna is considered infinitely long, the ratio of F(,.) and /(d given 
by Eqns. (1) and (2) would give the characteristic impedance of the antenna 
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In the case of a rhombic antenna with cylindrical helices as the arms, the 
situation is evidently more complicated. For the sake of simplification, however, 
certain plausible assumptions may be made. These are discussed below: 



Fig. 4.— and lines of outgoing TEM wave on a biconical antenna. 

(a) The average characteristic impedance of a rhombic antenna is approxi- 
mately equal to the input impedance of infinitely long diverging wires of the same 
included angle (Scholkunoff, 1952). 

(b) When two conical conductors of equal cone angles are kept inclined to 
each other symmetrically with repsect to a centre axis and are fed at the apex, 
the system radiates. Scholkunoff and others have shown that the interaction 
between the two diverging conductors may be neglected except in the vicjinity of 
the input ends when the gap at the input end ia large compared to the average 
radius of the conductors. On similar grounds wo have also neglected any possible 
effect duo to interaction between the arms of the antenna under study. Hence, 
the electromagnetic field may bo considered uniform in the intervening region 
between the arms. 

(c) It is known that strictly transverse electromagnetic waves cannot exist 
on noil-conical wires (Scholkunoff, 1952). In the case of a helix, the field contains 
a voltage component duo to the circumferential magnetic flux. But its magni- 
tude being in our case relatively small, it may be neglected. The electromagnetic 
waves in the intervening region between the two arras may thus be assumed to 
he entirely transverse, as done by Schelkunoff in his treatment of the biconical 
antenna. The electric lines of force between the two arms, hence, will run prin- 
cipally along the great circles passing through the axes of the helix arms and the 
voltage will be the line integral of this electric field along the great circle. 

(d) Since the antenna is terminated by its characteristic impedance and the 
conductors are assumed to be loss-less, the current distribution along the arms 
may be assumed uniform. Standing waves are, however, likely to exist on the 
conductors due to irregularities introduced at the side corners of the rhombic 
antenna and also due to the variation of characteristic impedance from point to 
point along the two diverging conductors. But these effects are usually negligible 
(Schelkunoff, 1962) and so, the current in the arm is primarily progressive. Conse- 
quently the principal wavefronts are spherical in nature. The effect is, therefore, 
bke that of a cuiTent flowing ‘axially’ along the helices, the velocity of which is 
a function of the helix parameters. Pocklington (1897) has shown that for a 
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helix of dimensions comparable to the wavelength, the axial velocity is given 

by 

i; = C8ina ... ( 3 ) 

where v is the phase velocity of the axial current; c, the velocity of hght 
(3 X 10^® cm/sec.); and a, the pitch angle of the helix. 

Since the field in the intervening region between the two arms is assumed 
entirely transverse, both E and H components can be expressed in terms of scalar 
poten tial functions. The potential function for the progressive travelling waves 
may be written as 

T = _ - W 

where A is a constant; /?, the axial phase constant J w, the frequoney 

in radians/sec., and r^, the distances from the axes of the helix-armsW a point 
P in space on the meridian plane (figure 6), and is the modified Bessel^ function 
which is the solution of the modified Bessel equation of order zero, with 'fhe inde- 
pendent variable /?y. It is known that the modified Bessel equation has two 
independent solutions involving Iq and Kq. Zq, which is finite for all values of 
T and is only appropriate for source-free regions, is disregarded. The /fo-function 
however, vanishes at infinity and is retained, since it represents an outward 
travelling wave. 



Pig. 6 . — ^Illufltrating the calculation of distance of a point ‘P’ in space 
from the two inclined arms of the antenna. The -dotted linos indicate the 
outlines of the cylindrical helices and the solid lines OZx and 0^2, the 
axes thereof. 

In figure 6, 2^ is the included angle between the arms and (/?, <j>) are the co- 
ordinates of the reference point P on the meridian plane. Expressing fj and fg 
in terms of ^ and the potential function takes the form 


T = sin {\lr~(j>))—K^{fip sin 


... ( 5 ) 
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The azimuthal component of the magnetic field at P is given by the relation, 
P # 

= — Ap\K^{fip sin (^~0)} cos 

sill (v5r+0)} cos (vir+0)] (6) 

Jf the point is on the outer surface of the helix — 0) reduces to sin"^ djp 

and (V^+^) (2^ — Bin“^ ^lp)> where a is the radius of the outer surface of 

the heUx. Substituting these values in Eqn.(6), the azimuthal component of the 
magnetic field Htpg just outside the surface of the helix arm is given by 

flpl, = -Afi[Ki{fia)+Ki{fip{am ~ cos 2f)}{Bos2f — sin 2f)] ... (7) 

Now, for an infinitely long helix of radius a, we have, from Ampere’s law, 

I = ds 2TTa . H^g ... (8) 

On substitution, the curi’ent flowing axially through the helix arms is given by 

/ = — 2Tta . Ap{Ky{lia) + K^{pp{mi 2\lf — cos 2\fr)) x 

(cos 2\lr — sin 2^^^)] (9) 

P 

Now, the JSr^-field is given by the familiar relation, 

Eg = Zq . ( 10 ) 

where Zq is the characteristic wave imdedance. 

Hubstitutiiig the value of 7/0 from Eqn. (6), we get, 

Ee —~ZQ.Ap[K^{PpBui{i/r—^)}coB{f—</>)-\-Ki{PpBm{i/r-\-(j>)}cos{ilr-{'(j>)] ... (11) 
Hence, the transverse voltage tangential to the meridian plane is, from Eqn.(l), 
sin"^ y 

V = j Eg . pd0 = — Zq . 2Al£o(Pa)—E:o(Pp sin 2^ir)] ... (12) 

-f 

The upper limit of integration has been chosen to disregard the region inside the 
helix cylinder since it contributes little to the external field. From Eqns. (9) 
and (12), the characteristic impedance of the antenna is given as 

I nap co 82^ j|^cos2^- ^ Bin2^J 


( 13 ) 
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It is known that the characteristic wave impedance Zq is the same as the intrinsic 
impedance of free space (= 1207r ohms) for all transverse electromagnetic waves. 
Now, the phase velocity of the current wave along the two inclined arms of the 
antenna is reduced in the ratio where — to/c and the characteristic im- 
pedance of the system is inversely proportional to the phase velocity. It thus follows 
that the impedance will be increased in the ratio Accordingly Eqn. (13) 

reduces to 


7 _ 120 
//jrt = — ~ 


K^{Pa)-K^{fip sin 2\jf) 


Ky{Pa)~\-K^\^pp\^in 2^— “ cos cos 2v5^— ® sin 


(14) 


The impedance of a rhombic antenna is found to vary perceptibly \only upto 
a distance of A/2 from the input ends (Schelkunoff, 1952); beyond thil^ distance 
the variation is very small. The average characteristic impedance of th6 antenna 
will thus be given by 


— 


X/2 

If 120 f — 


^ L a/f„ J I ^ cos 2\lr^ | ( cos 2^— ^ sin 2,\lr^ 


sin 2^^') 


dp 


ll-^\ 120 

K,{pa)-K^\ 

/? 1 sin 2j^) 


\ 2 1 (iPq I 


J sin 2\jr~ 

^.cos2^)] 

|| cos 2v5"— ^ sm2^lr 


... (15 

where I is the axial length of each arm. 

The expression for the average characteristic impedance is somewhat involved ; 
however, for practical computation a number of approximations may be made, 
since the effects of some of the terras in the expression are small compared to 

others. For example, the quantities - cos 2^ and - sin 2^ have little effect on 

P P 

the variation of Z^^ with p. Hence the denominator of the integrand reduces 
to [K^{Pa)-\-K-^{pp sin 2}lr) coa 2i/r]. The above expression is not integrable 
by any of the known methods. The integration is therefore performed numeri- 
cally by the standard trapezoidal rule. 

It is interesting to note that the expression on the right-hand side of Eqn. 
(15) is found to attain a constant value as p is increased beyond about 15 cm. 
This is in conformity with our assumption that the impedance is constant except 
near the input end. As the average characteristic impedance is approximately 
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oqual to the input impedance [ assumption (a) ], the value of the expression 
Oil the right-hand side of Eqn. (15) should also represent the input impedance of 
tlio antenna at any frequency. 

(ii) Calculation of radiation pattern : 

In deriving expressions for the directivity of an ordinary rhombic antenna, 
Foster (1937) assumed that the current flows uniformly without attenuation fl'om 
llio input to the termination. This assumption neglects the effect of radiation 
and the mutual couj)ling between the arms. The derivation is thus not rigorous; 
however, it has been found that the shape of the directivity pattern is not parti- 
fiilarly critical with regard to curient distribution along the arms of the antenna 
(Christiansen, 1946). 

The analysis of Foster, applicable to the case of a rhombic antenna with 
linear arms, should also hold good m the case of the antenna under study, except 
for the fact that the axial phase velocity m the helix arms is different from that 
in free space. Taking this departure into account, it may bo readily seen that the 
j'olative directivities of the rhomio antenna under study for horizontal and verti- 
cal polarisations are approximately given by (Piggott, 1948; Harper, 1941). 

X^{i—PhY+^Ph cos’® (^ “ ^ 

and 

X V(l— pJ-s+4/9„ cos2 

where (figure 6), 

I is the axial length of each arm ; 

—reflection coefficients of the ground, the suffixes h and v referring to 
the horizontal and vertopi components; 

— phase changes due to the reflection; 

A- elevation angle of the main radiation lobe with reference to the plane of the 
antenna; 

2^ — obtuse angle subtended by the adjacent helix-arms; 

0-- aximuth angle of the axis of the major lobe referred to the major axis of the 
antenna; 

//—height above the ground", 

A— -free-space wavelength at the given frequency; 

2 
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Aa — effective ‘axial’ wavelength corresponding to frequency *f given by 
Aa= Y where v — sin a; 


k,= 


■ cos A . sin (^+0) 


» c 

^2 — “ - COS A . sin (i-d) 

and k^ refer to the pick-up in the two pairs of the rhombic arms. 



1 IK- 6. Illustrating the plan and the Bide elevation of the antenna when erected hon/, on tally 
above the ''ground”. 

For a perfectly conducting ground p* = 1 and ol^ = n. The ground reflection 
factor in Eqn.(16) in case of the horizontally polarised component thus reduces 
to 

JJ* = 2 Bin sin A j _ (18) 

For the vertically polarised component, however, -both and are dependent 
on A and so, the reflection function, in Eqn.(18) hereafter represented by 11^^ 
cannot be so replaced by a simple expression as in the case of R^. Nevertheless, 
for approximate calculations, we may take J?., = 1 for A = 17. S'* (Hamer, 1963). 

It is seen from Eqns. (16) and (17) that the polar diagrams of the rhombic 
aerial are controlled by the product of three factors, viz., the integral functions 
Bm{7TlkM mxiTtlkoIXa) .. 

nlki/A^ ’ ^ ^ rl k / X"~ ’ ground-reflection functions Rf^, R^ ; and the 
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, i 

projection functions (cos 0— sin | cos A) cos ^,(sin 0 . cos A) cos f . It is apparent 
i.liat if any of these factors is zero, the directivity must also be zero. This 
determines the positions of minima in the radiation pattern. 

The ground-reflection functions (2?^, are dependent on A and i//A and 
are fixed by the design of the antenna. For a particular frequency, the positions 
of maxima and minima in the polar diagram are dependent on the values of the 
projection functions as well as the integral functions. The shape of the polar 
diagram, however, is predominantly controlled by the integral function, or in other 
words, by the values of 2/Ao and 

It is necessary that all the three functions should be large if a large directivity 
is required. In the case of the antenna under study, the values of the ground- 
reflection function and the projection function remain the same as in the case of 
a rhombic antenna with linear arms, but and assume very large values. These 
increments in the values of hi, are duo to the reduction in the phase velocity 
V. The magnitudes of the integral function thus are reduced, thereby causing 
a reduction in the value of the directivity of the antenna under study. 

The directivity patterns, particularly for the horizontal polarisation in the 
azimuthal plane, show reasonable agreement with the theoretical values. The 
vertically polarised components of the field are present, though in smaller ampli- 
tudes, almost in the same direction as the horizontal components. This shows 
that the radiation field is somewhat elliptically polarised. Tho directivity patterns 
of the vertical components do not agree well with the theoretical values. This is 



and Do patterns of the antenna at 
300 Mo/s. 



Fig. 7 (b). 

Dh and Dv patterns of tho antenna 
at 400 Mo/s. 




Fig. 7 (e), 

Dji and Dy patterns of the antenna at 
800 Mo/a. 


D|^ and patterns of the antenna at 
000 Mc/a. 


as one would expect, for the derivation of the expressions for the directivity has 
been based on the assumption that the current in each helix arm can be replaced 
by an axial eurrent which is not strictly true, 
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The patterns (figures 7-9) have been plotted after normalising the values. In 
fitrure 8, the experimental and theoretical polar diagrams of the antenna under 
study are compared for 600 mc/s excitation. Figure 9 has been shown to 
compare the theoretical polar plots for the antenna with cylindrical helices 
iiH the arms and that with linear arms also at 600 mc/s excitation. 




l^ig. 8. 

Calculated (dotted lien) and observed 
(solid line) D/t patLerns at 600 Mo/s. 


Fig. 0. 

Calculated Da patterns of the rhombic 
antonna with linear arms (dotted line) and 
of that with cylindrical helices as the arms 
(solid linos). Frequency, 600 Mo/s. 


4. CONCLUDING REMARKS 

It is evident from the observed impedance and the radiation characteristics 
of the antemia with helix arms that the wide-band properties and the directivity 
(iharactoristics of a rhombic antenna with linear arms are more or less maintained 
in the case under study. There is, however, a decrease in gam. The reason 
may possibly be ascribed to the lesser “effective area” of the antenna under study 
in contrast to a corresponding antenna with linear arms. 

It is found that at a particular frequency, the average characteristic impe- 
dance varies inversely as the radius of the helix cylinders. The impedance, 
again, varies from point to point near the input end and becomes constant after 
a distance. If the helices are suitably tapered towards the input ends the 
variation of impedance in the region may be reduced thereby enabling better 
mutch with the feeders. 
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ABSTRACT. Tho general equation governing the radial pulsations of an infinite 
cyliiidoj' having volume currents has been derived and tho integral formulae for tho frequency 
ot [julaations are deduced for two models of current density, viz., (i) circular currents and (ii) 
lino currents. It is found that tho oylmdor remains dynamically stable for tho two 
models of ouiTont systems. 

Tho pulsations of an infinitely long cylindrical mass are of great significance 
tor the cosmic bodies, e.g., spiral arm, solar ion streams etc. Ghaudrasekhar 
and Fermi (1953) have investigatod tho radial pulsations of such cylindrical 
masses in the presence of axial magnetic field. In the present note we investigate 
a similar problem in the presence of volume currents following the method adopted 
111 our oatlier paper (Talwar and Taiidon, 1956) for the radial pulsations of spheri- 
cal mass. Here, two special cases, ,(i) circular currents and (li) axial lino currents 
are discussed. 

The equation of continuity and motion for the cylindrical fluid subjected to 
elec, troin ague tic field can be written in tho form 

-L. =i ... (1) 

To p dr^ 
and 

-I*' 

llei c all the physical quantities have their usual meaning and the electromagnetic 
field vectors H and j satisfy the usual Maxwellian relations, viz., 


curl H = 471/ 


( 3 ) 
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div // = 0 ( 4 ) 

Distinguishing the values of various parameters for the equilibrium con- 
figuration by a subscript zero, we write 

r = ro+5r, p = Po-\-Sp, p = Po-j-dp ... (fi) 

H — //o+^// fl-nd j = -j- dj 

The variations in these parameters are assumed to bo small so that the powers 
higher than the first can be neglected. 

The equation (1) then gives I 


^ y I 

Taking the various terms in equation (2) in turn, we get 


d\ _ dHr 


2Cr'm(r) ^ ^ 2Gm(r „) 


dp __ dp dr^^ 
dr dr^ dr 


^ / 1 _ d<yr \ . dSp 

dro \ drj~^ - 


But for the equilibrium configuration equation (2) gives 


^Pq _ 26 ?w(ro) 


Po + Uo ^ ffo)radial 


dp ^ \ _ 2Gm {rQ) 
9r 


Po Uo Hoi 


/ 1 ^ \ . d^ 
I dr^ dr^ 



Now, 


Madial Pulsations of an In^nite Oylindet, etc. 3l6 

~ Q ~ — » Since ^ (adiabatic pulsations) 

=-r ! - ^^^/>.+(/oX//.),^,] 




(12) 


and hence equation (11) becomes 

xiiK 41 7. 

Substituting equations (7), (8) and (13) in equation (2), we obtain, alter some 
simplioations. 

L Pq ll^o -* 

j_ { 4(1 -r) Gm{r^) ,, , lH-2r UoXHo) rad%al nzt\ 

+ L -r-r 

I ^V o 1 t_L L(<^/ X //q) (/o X ^//)] radwl 
= 0 


whore we have put 


^ = ... (16) 

The change in the magnetic field, SH^ foUowmg the notion is given, (in a medium 
of uifinite electrical conductivity), by 

SH = curl {SrX . grad) H (1<^) 

3 - 
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In any particular configuration where and Hq fl-ro knowUj the change Sj m 
current density, following the motion, can be evaluated by using equation (l(j) 
in conjunction with equation (3). Substituting the values of Sfi and Sj thus ol). 
tamed, in equation (14), we get the required equation for the radial pulsations 
of a cylindrical fluid, valid for all sorts of current system. We shall now deduco 
expressions for the frequency of pulsations in two special cases of current density. 
Case (i) : Circular currents; 

Let us consider that the circular cuiTents are of the form 

\ 

so that H=| 0,0, I \... (IS) 

'\ 

and thus the only non-vanishing component for the change in the magnetic field 
following motion will be given by, 


IIy ] - I'"! 

here if is a constant and R is the radius of the cylinder. Further, if | is assumed 
to be constant in space then 


W=-2^//o ... (20) 

and the change Sj in current density (following motion) is given by 

Sj=-Hh - ( 21 ) 

Thus the pulsation equation (14) yields 

cr% = 4(r-l) . 2(2:11) x{j«XHo) roM - (22) 


Multiplying equation (22) by and integrating over the entire mass, we obtajii 
(omitting the subscript zero) 


(T* . j Mm = 2(r-l)OJH»+2(2-r) j r . (j x H)dT 


... (23) 
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where dr is the volume element. vNow 

f r.O-xff)dT= 

V 

= 2 [ dT = 2mi(«ay) ... (24) 

V 

Tims wo have 

M 

o-aj r3rfm = 2(r-l)G'JJfM“4(2-r)iHll ... (25) 

Tl. can readily be shown for the equilibrium configuration 

^ r.ijxB)dT = aM’‘-2{r-l)ir ... (26) 

V 

whore U is the internal energy of the system. Substituting equation (26) in 
equation (23) we obtain the expression for frequency of pulsation in terms of the 
internal energy, viz., 

M 

0-2 j r^dm=^ ■~4(2-r)(r-l)U-h2GM^ ... (27) 

or 

Af 

(7-‘‘ I r’-dm = 4(r-] )>l/+2 | r. (JxH'At ... (28) 

V 

An expression similar to that of equation (28) was obtained earlier by Chandra- 
Kckhar and Fermi (1953).. 

(^aso (ii). Lino currents. 

Let us consider the case in which the current density 3 is t onstant in the cy- 
linder and is of the form 

y=((0.0,|) ... (29) 

vihere K is constant. The magnetic field will then be given by 

// = (0, .^r, 0) ... (30) 


For such a configuration 


W - -I// 



322 


J. N. Tandon and S. P, Talwa/r 


and 

= -2fy ... (31) 

where | is a constant in space. Substituting these values in equation (14) we liud 

<r«| r2dm = 2(r-l)(?JlP-2(r-l)| r.(yxf/)dT ... (32) 

F 

Using equation (26), we get 

M 

<r* |r“<im = 4{r-l)*t7 ... (33) 

as an expression for the frequency of pulsalions in the presence of lin^ currents 

in terms of internal energy, U . It can readily be shown that y. {jx H) is a 
negative quantity and hence the cylinder will be dynamically stable. \ 

Equations (25) and (32) clearly show that the cylinder is stable fo^ radial 
pulsations in the presence of circular as well as line currents. The lateral in- 
stability of the incompressible infinitely long cylindrical fluid mass has recently 
been discussed by Aulnek and Kothari (1967). They have also shown that the 
magnetic field in general has a stabilizing effect. 
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ABSTRACT. The ultraviolet absorption spectra of solutions of pyridine in cyclo- 
hexane, 3-methyl pentane, carbon tetrachloride and isobutyl alcohol have been studied and 
the results have been compared with those for the vapour reported by previous workers. 
I’he two systems of hands due respectively ton— ¥ it* and tt — > tt* transitions are observed in 
the spectra duo to solutions in cyclohexane, 3-methyl pentane and carbon tetrachloride, but 
the first system is totally absent in the spoctioim of the solution in isobutyl alcohol. The 
interval between the successive bonds in the first system is 542 ora-'i, which agrees closely with 
that observed in the case of the vapour. It has further been observed that the 0, 0 band 
in the first system shifts by about 430 om-i when pyridine is dissolved in the first three sol- 
vents. It is pointed out that these results confirm the explanation put forward by previous 
workers for the absence of the first system of bands in the caso of the solution in alcohol. The 
n— > TT* transition does not occur in this cose because a bond is formed between the pyridine 
molecule and the alcohol molecule through the non-bonding electron of the nitrogen atom, 
but no such bond formation takes place in the solutions in i;he other solvents. 

INTRODUCTION 

From theoretical coneiderations Kasha (1950) suggested the probabilities 
of two t 3 rpes of electronic transitions in the pyridine molecule, one duo to the 
excitation of one nitrogen non-bonding electron to n molecular orbital being 
designated as n-¥ n* transition and the other a singlet-singlet transition. 

On scrutinising the absorption spectrum of pyridine vapour reported by Sponer 
and Stiicklen (1946), the existence of two systems of bands due to the transitions 
mentioned above was confirmed by Rush and Sponer (1952). The 0,0 band 
due to n-¥ n* transition (called the let system) is at 34769 cm"^ and that due 
to TT-^TT* transition (called the 2nd system) at 38360 cni"^. 

The absorption spectra of solutions of pyridine were studied by Herington 
(1950) who measured the molecular dissociation constant but did not observe 
the Ist system of bands. Stephenson (1954) also studied the absorption spectrum 
of solutions of pyridine in iso-octane and alcohol. From a comparison of^the 
two absorption curves he concluded that the 1st system of bands was present in 
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the case of the iso-octaue solution and it was absent in the spectrum due to the 
solution in alcohol. 

Recently, Banerjee (1956) studied the ultraviolet absorption Bpectiiun 
of pyridine in the liquid state and in the solid state at — 180®C and found the fii Ht 
system of bands to be absent in both cases. He concluded that in the liquid 
and solid states, the pyridine molecule is attached to the neighbouring molecule 
through a new bond formed between non-bonding electron of the nitrogen atom 
and the hydrogen atom of the neighbouring molecule and therefore, the ?i— ► tt* 
transition does not occur. 

The object of the present investigation was to study more exhaustively tlie 
influence of different environments and of temperature on both the systems 
of absorption bands of pyridine and to find out whether such bond folfmatioii is 
actually responsible for the disappearance of the first system of baiuM. 

E X r 1C U 1 M E N T A L \ 

The experimental arrangement was similar to that described in aii eailicr 
jiaper (Roy, 1956). Chemically pure pyridine from B. Merck was first fractionated 
and the proper fraction was redistilled under reduced pressure before use. The 
solvents used were cyclohexane, isobutyl alcohol, 3-motliyl pentane and carliou 
tetrachloride. The solvents wore found to have no absorption band in the region 
under consideration. The thicknesses of the two cells used wore 5 mm and 3 cni. 
respectively and the strength of the solutions vailed from .^1% to .06% by 
weight. The spectra were photographed on Tlford H1^3 films with a Hilger medium 
quartz spectrograph Iron arc spectrum was taken on each film as a f!om- 
parison. Microphotometric records were taken with a Kijip and Zonon ty])c 
self-recording microphotometer. The absorption spectra were calibrated with 
the help of the microphotometric records of iron lines using the method described 
in an earlier paper (Roy, 1956). 


RESULTS 

The microiihotometric records of the absorption spectra of solutions of 
pyridine of different strengths in cyclohexane are given in figure 1 and those due 
to solutions in 3-methyl pentane, isobutyl alcohol and carbon tetrachloride arc 
reproduced in figures 2 and 3. The frequencies of- the absorption bands and 
probable assignemnts are given in Tables T, TI and TTI. The data for the subs- 
tance in the gaseous state reported by Rush and Sponer (1952) arc also included 
in Table I for comparison. 


DISCUSSION 

It can be seen from figures 1(b) and 1(c) that the spectrum due to .06% 
solution in cyclohexane, with a cell thickness of 5 mm is identical with that 
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clue to a thiokneBB of 3 cm of .01% Bolation and there are throe bands in. the region, 
85200 cm”^— 36284 cm The spectrum due to .01% solution of thicknoss 



340U0 30000 38000 40000 

V in 

Fig, J. Microphotomatric records of \dtraviolet ahsorxition spectra of 
^ Bolutious of pyridine in cyclolioxano. 
in} .01 % solution in cyclohoxane with 5 mm coll at 30 ®C 

(b) .06% „ „ „ „ „ „ „ 

(o) .01 % „ „ „ „ 3 cm „ „ „ 


5 mm, however, does not show these bands but a second system of bands with 
the first band at 37924 cm™^ is observed. A thicker cell produces complete ab- 
sorption in this region. Evidently, the solution yields two systems of absorption 
bands, the weaker one being due to n—> tt* transition and the stronger one due 
to the 7r->7r* transition. The solution in 3-methyl pentane, also, shows these 
two systems as can be seen in figure 2. When the solution is frozen it becomes 
glass and two ejttra bands appear on the shorter wavelength side in the 
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first system. The positions of the first three bands, however, remain unchanged 
when the solution is frozen and cooled to — 180®C. This shows that 


(d) 



(a) 



34000 36000 38000 40000 

p — » cm-i 

Fig. 2, Mycrophotometric rooorde of ultraviolet absorption spectra of 
solutions of pyridine in d-mothyl pentane, 

(a) .01% solution in 3-methyl pentane with 6mm cell at 80®C. 

(b) .06% ,, ,, „ ,, ,, 6 mm ,, y, 30 

(o) .06% „ „ „ „ „ 6 mm „ „ -180"C. 

(d) .01% „ „ „ „ „ 3 cm „ „ 30“C. 

first band is to bo assigned to 0— ► 0 transition in the system and not 
to F— >0 transition. Figure 3 shows that in the spectra due to solution in iso- 
butyl alcohol, the first system of bands is totally absent, there being full trans- 
mission in the region of these bands. These results thus corroborate thS view 
put forward by Stephenson(1954) that the disappearance of the bands in the 
spectrum due to the solution in alcohol is due to the formation of a bond through 
the non-bonding electron of the nitrogen atom and OH group of the alcohol 
molecule. It is further proved by these results that such bond formation does 
not take place in the solutions in cyclohexane and 3-methyl pentane. 
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Vo cm—1 

Fig. 3. Mycrophotonietrio reuordB of ultraviolet abaorption speotra of 
aolutiona of pyridino in differont Bolvont B. 

(a) .01% solution in isobutyl alcohol with 5 mm coll at — ISO^C. 

(b) .06% „ „ „ 6 mm ooll at — 180°C. 

(c) .01% „ carbon tetrachloride with C mm cell at 30 “C. 

(d) .06% „ „ „ 6 mm coll at 30“O. 

The 0, 0 band in the first system due to pyridine vapour is at 34769 om“^ 
(Hush and Sponer, 1962), but in the solutions cither in cyclohexane or in 3-methyl 
pentane the band of the first system is at 35200 cni”^. Hence this band is shifted 
towards shorter wavelength by about 431 cm~^ by the influence of the solvents. 
These bands are also much wider than the correspondmg bands duo to vapour. 
This broadening is evidently due to the fluctuation of the hitermolecular forces 
m the solution. The interval between successive bands is 542 cm"^ which agrees 
closely with those observed in the case of the vapour (Rush and Sponer, 1962). 

The spectrum due to the solution in carbon tetrachloride (figure 3) does 
boi show discrete bands in the first system, but the absorption curves rise as 
steeply as in the case of solution in 3-methyl pentane. Probably, the bands are 
4 
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TABLE I 

Absorption spectra of pyridine 


Vapour (prominent .01% sol. in cyolo- 

bands) hexane .5cm cell 

Hush & Sponor, 1952 (liq.) 



Assign- 

Assign- 

V in cm-; 

1 ment 

V in om-i ment 

Isi! system 


\st system 

34709 

0, 0 

No discrete band 

3531 1 

OH- 542 

observed 

35633 

0 + 804 


35855 

0+542x2 


36397 

0 + 542x3 


2nd system 

2nd system 

3H360 

0, 0 

38070 0, 0 


39020 0-1-960 

39971 Of05Ox2 
40821 0-1-950x3 


.01% sol. in cyolo- .06% sol. in cyolo- 
hexane 3om cell hexane .5cm cell 

aiq.) (liq.) 


V in cm-i 

Assign- 

ment 

V in om“i 

Assign- 

ment 

1«^ system 
36200 

0, 0 

\st system 
.36200 

0,0 

35742 

0 + 542 

36742 

0-f-.542 

36284 

0 + 542x2 

36284 

0+542 Xi! 


2nd sy&tem 2nd Bystavri' 

Total absorption Total absorption 


TABLE II 

Absorption spectra of pyridine 

.01% sol. in 3- .01% Bol. in 3- >06% sol. in 3- >06% sol. m 3- 

mothyl pentane methyl pentane methyl penl^ane methyl poni/one 

..5cm cell (liq ) 3om coll (liq.) .5cm cell (liq.) (solid — 180"C) 

.5cm cell 


Assign- 
V in cm-^ ment 

V in om-i 

Assign- 

ment 

V in cm-i 

Assign- 

ment 

V in cm~i 

Assign- 

ment 

1 a *« system 

No discrete band 

l5^ system 
36200 

0, 0 

1st system 
35200 

0, 0 

ls« system 
36200 

0,0 

observed 

36742 

0-h642 

35742 

0+642 

35742 

0-1-542 


36286 

0-1-542x2 

36286 

0 + 642x2 

36286 

0 + 642x2 





~ 

36828 

0 + 642x3 


37370 0-1-642x4 


2nd system 

2nd system 

Znd system 

2nd system 

38947 

0 + 960 

Total absorption 

Total absorption 

Total absorption 

39897 

0 + 960x2 




40847 

0+960x3 
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TABLE III 

Absorption spectra of pyridine 


.01% sol. in isobutyl .00% aol.iniaobutyl 
alcohol alcohol (solid -ISO^C) 

.5 cm cell .6 cm cell 

.01% sol. in carbon 
tetrachloride 
.6 om cell 

.06% sol. in carbon 
tetrachloride 
.6 cm cell 

Aasign- 
V in cm’-i raent 

Assign- 
pm cm-i luent 

Aasign- 
V in cm-i meni 

Assign- 
V in cm-’ ment 

l/»i system 

Absent 

lat system 

Absent 

lat system 
Unresolved 

Ist system 
Unresolved 

2nd system 

37924 0, 0 

2nd system 

27id system 

37924 0, 0 

2nd system 

38874 0+960 

Total absorption 

38874 0+960 

Total absorption 

39828 0 + 960x2 




40776 0+950x3 





muL-}i broader in this case and they are not resolved from each other. The nature 
uf the curve shows, however, that in this case also, the first system sliifts as 
iTiiich towards shorter wavelengths as in the solution in 3-rnethy] pentane. 

In the absorption spectrum of pyridine in the liquid state and in the solid 
state at — 180°C, the first system is totally absent (Banerjeo, 1956). This shows 
that the non-bonding electron of the nitrogen atom forms a bond with the hydro- 
gen atom of the pyridine ring. Hence the nature of the hydrogen atom in the ring 
is different from that of the hydrogen atom in cyclohexane or 3-methyl pentane. 

ACKNOWLEDGME-NT 

The author wishes to record his grateful thanks to Professor S. C. Sirkar, 
D.Sc., F.N.I., for his kind interest and guidance in the work. 

REFERENCES 

Banorjee, S. B., 1966, Ind. J. Phys., 80, 480. 

Herington, E. F. G., Discuaaions of the Faraday Society, 9, 26. 

Kasha, M., 1950, Diacuaaiona of the Faraday Society, 9, 14. 

Roy, S. B., 1950, Ind. J. Phya., 80, 267. 

Rush, J. H. and Sponer, H., 1962, J. Chem. Phys., 20, 1847. 

Sponer, H, and Stiicklen, H,, 1946, J, Chem. Phya, 14, 101. 

Siephonson, H. P., 1964, J. Chem. Phya., 22, 1077. 


42 


ON CORE-TO-PARTICLE INTERACTION FROM 
CLASSICAL POINT OF VIEW 

S. MUKHEEJEE and A. GUPTA 

iNSTITtTTB or NOCLEAK PhYSIOS, CALCUTTA 
{Received for publication August 8, 1957) 

ABSTRACT. The treatment of the extra-core particle in the semi-rigid model of nu- 
oleus, in a core plus one particle system, in a sense justifies the form of the interaction haiml- 
Ionian used, in such cases, by A. Bolir in his colleotive model of nucleus. , 

I 

INTRODUCTION ^ 

In the collective model of nuoleuB (A. Bohr, 1952) one takes the i^eraciioii 
between a particle and the core, in a core plus one particle system, to be confined 
only on the surface, the interaction being represented by 

X 

i^ini — I {$, (f>) ... (1) 

and as such the extra-core particle experiences no force when it goes within iluj 
nucleus. In this short note we have tried to find the order of magnitude of the 
force experienced by the extra-core particle when it goes within the liquid core, 
and to derive it wo have followed a semi-rigid model for the whole system ml 
the rigid body motion of the extra-core particle and irrotational motion of tlie 
core. Classically the problem reduces to one of a small rigid sphere within a 
large volume of pulsating liquid of almost sperical shape and to seek an irrotational 
motion of the liquid consistent with the boundary conditions. We have found 
that the force experienced by the small sphere is derivable from a potential func- 
tion and has exactly the form of an anisotropic harmonic-oscillator. We liavc 
also calculated the angular momentum and the magnetic moment of the system 
with the presence of the sphere within the nuclear fluid, and obtained a feii 
correction terms in both cases over and above what A. Bohr (1962) has obtained 
for the same. 


1. DERIVATION OP THE INTERACTION 
Let the equation of the surface defining the boundary of the nucleus be given by 

a ® 

F ^ R-s, {i + :^ + XI M ° 
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The condition at the boundary of the surface is 



or 


4- OF w dF 

dt ^ dr~^ r de rame d<f 


= 0 


3ai 


... (3) 


where u, v, w are the components of velocity in polar co-ordinates and the left 
hand side of (3) is evaluated at the surface given by (2). 

Let us assume that the velocity potential at any point is given by 
2 

= ... (4) 

M— 2 

Then substituting for v, w in (3). by those calculated from (4), it is easily seen 
that the first order solution of the resulting equation is 

Am — ~ i “2M 
2 

or =- »■“ ... (6) 

M=--2 

Now if a small sphere of radius S is introduced within the fluid then the velocity 
potential given by (5) will be changed. 

To facilitate the calculation of drag on this small sphere we change the 
origin to the centre of the sphere, without changing the direction of axes. Let 
{a, 6, c) or dp, <f>p) be the co-ordinates of the sphere refeired to old system, 
iind let {r’. O', (j)') be the co-ordinate of any point in the new system which was 
(r, 6, 0) in the old system. Then equation (6) reduces to 

H a 

' = - t 4,') - i 0,) 

M— 2 M— 2 


1 


( 6 ) 


where 


Ap' = rjy' {Op, i>p) 

W --1 


( 7 ) 
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and is given by 


V4- C"'™ = 


lOn 


V' 

m \ 

-1 

0 1 

-1 


1 1 


1 

v 2 V G 


1 

f 2 1 

0 

VY 

Vs V 2 


j_ 

1 

1 

V~6 

V2 


( 8 ) 


The additional condition to be satisfied by the new velocity potential <[> j$ 


dr' Ir ~f. 


= velocity of the sphere in that direction 




So we take $ in the form 


^ (>''+p,) 1^') (»'.«>') 

^ B lit ,<!>') 


... ( 10 ) 


By (9) and (10) one easily obtains D, E and Bp. 
To calculate the thrust experienced by the 

p dt 2 ^ 


we use Bernoulli’s equation 
... ( 11 ) 


where p is the density of the fluid, g, p are the velocity and the pressure at any 
point. In our case is of the order where A is the mass number of the 

nucleus. So retaining terms of the order ^ and neglecting all higher order 
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ierms, it is easily seen, that the force experienced by the small sphere due to the 
pressure and velocity distribution given by (11) and (10) respectively, is derivable 
from a potential function and the dominant terms are given by 

^ 2p-[-4(r ^ ■■■ (12) 

M — « 

where M, (T are the mass and the density of the small sphere and the potential is 
measured from the surface of the nucleus. It is easily seen that the hamiltonian 
of the core will not change (up to the order of approximation we are concerned 
with) from that of A. Bohr (1952) who calculated the same with a velocity potential 

which is the same as our unperturbed ^ given by (5). Therefore up to^ order 

accuracy we may say that the potential energy of the particle at (r, 0, <p) within 
the nucleus, referred to its value at the surface, duo to the surface oscillation is 
given by 


j 2 

-^int =--^1.-2 { 0 , < 


... (13) 


3p 

where cij = coa of A. Bohr (1952). This is to be compared with 

the jnteraction hamiltonian (1) of A. Bohr. The matrix element of K in (1) has 
been estimated (A. Bohr (1953)) to be of the order of 40 Mev, whereas the cor- 
roLsponding t^rm in case of our interaction comes out to be of the order of 2 Mev 
(taking cr ess p; M = mass of a proton). So it turns out that the classical value 
of the interaction strength is too small compared to what is required emperically. 
The empirical way of defining the core-to-particle interaction only at the surface 
(if it serves some purpose) is then perhaps justified, so far as the present model 
is concerned. 


2. ANGULAR MOMENTUM 

We calculate the angular momentum using the formula (A. Bohr (1952) ). 

m S PirXv)dT ... (14) 

'vith i; = — grad ... (15) 

We write this as 


m 


8 

<X 2 tt' + correction terms 

2 


(16) 
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where the first term in (16) is the same as that obtained by A. Bohr (1952) and the 
other leading terms are of the form 


1 1 2 a <+i 

—1 /i— 2 X-i-1 


2 3(2«+1) ltl 2 \niL\lt I 2 \/ « 1 I, \ / ;fv 

^ V''>(2^+1) 0 oj\0 0 0/ \m ii' s s+m)^P ^ 

^>/2/^(oOo)(oOo)(m^'m-f/t' )(»+/»' « 

W— 2 “ ^ 


where! ^ j ig Clebsoh-Gordan coefficient < | of 

Wig Wi f 

Condon and Shortloy (1963), S) is some function pf and S, and Z) = 
Magnetic moment is given by, (in the notation of ^.Feenberg 1955) 

<v j k; II \ mg I vj k ; I /> 

where j, k, I are the total angular momentum of the extra-core particle, core and 
the nucleus respectively, v is the phonon number. For the nuclei with j — 7, 
and in case of one phonon excitation the contribution from the correction term 
becomes 


F 


3 <+l 

/ 7 2 ^ 7 L 1 2\/« 1 L\=i/« 1 2\ 

\7-i 1 i-\) U-1 0 7-i/\o 0 o/ld o'oAo 0 O/ \0 1 1/ 

e-i 2 ,=<-i 


xU{\lIIy, Il){2t+\) Mr^,8) 


where I is the orbital angular momentum of the extra-core nucleon, F is a cons- 
tant of the order i, U is the {/-coefficient of Jahn (1952), and in this expression 

we have replaced the matrix element of rp by its average value. It is seen from 
this expression that for j = 7 = 1 /2 the correction term does not contribute any- 
thing to the magnetic moment, and for all other 7 there is a non-zero contribution. 

But as the factor F is of the order it turns out that the contribution affects 
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only the second place in decimals^ and as such the results of A. Bohr (1962, 1963) 
remain practically unchanged. It can also be verified that the results of quadru- 
polo moments of A. Bohr also remain practically unaltered, if our form of inter- 
aetion is superimposed on the kind of surface interaction used by him. So it 
may be concluded by saying that the semi-rigid model of nucleus does not affect 
the results of A. Bolir, so far as the points which we have investigated here are 

concerned. 

N.B. It should be noted that the semi-rigid model of nucleus that we have 
used here is a bit idealisation of the same proposed by Moszkowski (1966). 
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SCATTERING OF ELECTRON FROM FIVE DIMENSIONAL 
WAVE EQUATION 

A. K. MURA 

Defahtmbkt of THsoBBTiCAii Physios 
I xDiAH Association fob thb Cultivation of Soibnce, Calcutta 
{Received for puhlicaiwnApril 22, 1958) 

ABSTRACT. The solution of the radial part of the five dimensional fUvavo equal ion 
for the case of scattering of an electron in a Coulomb field has been considered it ib foimrl 
that half integral quantum numbers appear in the solution which lends suppmt to the idea 
that the influence of the fifth coordinate is somewhat analogue to the existonce pf the spin 

INTRODUCTION 

Banerjoe (1968) has shown that if one assumes that the electron obeys a five 
dimensional wave equation, then the given values of the angular moraentuin 
for such an electron are half integral; the appearance of half integers strongly 
suggests that the five dimensional wave equation incorporates the spin of tlic 
electron in a way not quite apparent on theoretical grounds. 

In the present paper, the author intends to indicate that the solution of 
the radial part of the five dimensional wave equation for the case of scatteniig 
of electron in a Coulomb field contains half integral quantum numbers which 
again lends support to the idea that the influence of the fifth coordinate is the 
same as the existence of the spin. 


THEORY 

We consider the case of stream of electrons moving past a Coulomb field given 
Ze 

by — “ where Zt is the charge of the source of the field and r is the distance 
of the electron from the source-point. 

We consider the relativistic wave equation in five dimensional space- time 
simila" to the Klein- Gordon equation, i.e. 

aV . 2EZe^ , \ , r. (i) 

lir+-a|;r+ + ' 
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If wo change over to polar coordinates 

jB = r sin d 008 shi x 
y = TBin 6 sin ^ sin x 
z = r cos ^ sin 
a — r cos X 

then equation (1) reduces to 

av ,1 d± 1 1 d_l \ 

dr^ ^ r dr ' 8in®;^|Bin0 50 \ dd I 


+1 . -L - - ^ +-L . J_ J J Sin*v ^ 


, /E^-m^c^ 2EZe^ , \ ,,, ^ ,9, 

T]ie solution ^ of (2) can be written in the form ijr = ijrf . ijrg . \jr^ . where 

ff. is the solution of 

3 df, [ _ 2E^ . _ ?(?+2)-| . _ a .3. 

5r2“. f dr ’^1“' W '' r^ V' 


where I is a positive jinteger. 


If we put p = kr. 


E^—m^c* _ J.2 EZe^ _ ^ 
“^2 ^ 


and -- = yff, then equation (3) reduces to 


^, 3 9;^ ri_2« fi-l{l+2) ] ^ , 

df^' ^ p dp ■ [ p^ />» J 

If we put ijr^ = ph^^Fj equation (4) reduces to 


d^F ^ 

dp^^p 
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Putting p “ ^iz in (5) we get 

. + (2J+3-Z) ^ - {i.+l+ I -I ) ^’ = 0 ... («) 

o 

Neglecting the term—, as p is very small, we get from (6) 

* If- +(2*+3-*) -i - ( “+^+ I = 0 - (7) 

Two independent solutions of (7) are as follows 

TTi, 2(ia+Z+3/2, 22+3, z) ... (8) 

In the case of Kleih-Gordon eqjuation, the equation for the radial waij^e functjon 


52 ^,. 2 di/r^ r _ 2EZe^ ZV 

r dr ^ [ feV ' 


]l^r=0 \ 


H«+l) 1 ./.=fl 


... (9) 


Proceeding exactly in the same manner as in the case of five dimensional coiiti- 
nuum we get in this case two independent solutions 

TTi, 2 (ia+2+1, 22+2, z) ... (10) 

Comparing (8) and (10) we notice that equation (10) gqes over to equation 
(8) if 2— >2+^. The addition of half to 2 in equation (8) suggests that the spin 
of the electron has entered into the formalism in suitable way. 

In the case of scattering in a Coulomb field the radial part of the Schrodiii- 
gor’s equation is of the form 


I A -I- 

df 



4’ 


(111 


2 being a positive integer. 

The two independent solutions are 

W 2 (iot+2+1, 22+2, z) 


where 


%v 


p — hr 


... (12) 


and z = — 2ip 

If we add an extra space dimension to the Schrodinger’s equation the radial parlj 
becomes 


4- 3 _i. 


[r ("-?) 


2 ( 2 + 2 ) 

7^ 



0 


... (13) 
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proceeding as before we get two independent solutions 

TTii j |, 2Z+3, z) ... (14) 

Here we notice the same difference between equations (12) and (14) as in case of 
(8) and (10), 
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6. RELATIONSHIP BETWEEN ADIABATIC COMPRESSIBILITY 
AND CONCENTRATION OF SOLUTIONS OF i 
ELECTROLYTES 

SATTSH CHANDRA SRIVASTAVA 

Depahtment op Physical Chemist ry, 

Indian Association pou the Cultivation op Science, 

Jadavputi, Calcutta-32 
{Heceived for pubhcahon January 14, 1958) 

It was pointed out by Mohanty and Deo (1955) that tho ultrasonic velocity 
in magnesium and zinc sulphate solutions as well as the adiabatic compressi- 
bility vary linearly with concentration. Recently, Panda and Mohanty (1957) 
have concluded that the adiabatic (iompresaibihtics of cobalt and cadmium 
sulphate solutions vary linearly with concentration This may bo represented 
by the following equations : 

V = h'G X . . (1) 

p ^ jev + y . . (2) 

where V is the ultrasonic velocity, p is the adiabatic compressibility, 0 is the 
concentration of the solution, h and k' are jiruportionality constants and X and Y 
are constants. 

It is known that 

;? = .’■ - ... ( 3 ) 

yip 

where p is tho density of the solution. 

From (1) and (3) we may write 

O- 1 ... ( 4 ) 

' (K.a^■xYp 
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It seems clear that equation (2) and (4) can not hold good at the same time. 
Naturally, the statement that adiabatic compressibility for four electrolytes 
studied is linear with concentration seems to be incorrect. However, on plotting 
the graph it appears that there is very slight curvature and the plots are not 
exactly straight lines. 

Bachem (1936), Brathel (1954), Krishnamurthi (1950) and many others 
have suggested different relations but at the same time there has been consi- 
derable amount of controversy. 

Pi’akash and Srivastava (1958) themselvms suggested one equation relating 
tlie velocity of ultrasoniiJ waves in solutions of electrolytes with the ionic strength 
of the solution From the same relation the following equation may bo derived : 

\ p f [21)^1'^ 

where B~- — , N is avagadro number, e is electronic charge, 

1000.2y'2.i2. constant. 

Zi is valency of ions, 1) is dielectric constant of the solution, 

T is temperature, / is uitiasonic intensity, 

P is the pressure cxjiorionced by the solution internally if the salts are 
not ionised. 

Tt is observed that the above equation bolds good for the four bivalent 
suljjhates studied by Mohunty and Deo (loc. eii) and Panda andMohanty (loc cit). 

Also it is seen that the plot for all the four straiglit lines ^ j against // j 

has almost the same slope as is exjiectod from the equation itself. The equation 
is also valid for potassium nitrate and strontium nitrate as is seen from the data 
of Krishnamurthi (loc. cit), but for sodium nitrate it shows a minimum. 
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7. FIVE DIMENSIONAL WAVE-EQUATION FOR 
HYDROGEN ATOM 
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{Received for publication April 18, 1968) 

Introducing a new co-ordinate 8 on par with the usual x, y and z co-ordinates, 
Banerjee (1957) has set up the five dimensional wave equation given by 

Taking V = (—Ze^jr) as the hydrogen atom potential, he has solved thife equation 
in four dimensional polar co-ordinates to obtain the solution \ 

B, <j>, x) = DRnrd^^^Pi^icoB B)ei^<p sin \ ••• (2) 

The eigenvalues of W, corresponding to the above eigen-functions, have been 
shown to be those given by Sommerfeld’s (1916) formula. 

The above wave-equation possesses the usual disadvantages associated with 
s econd order temporal differentiation contained therein. Further, the degeneracy 
is given by (2i-f 1) which is unlike that of the Dirac levels. However, the equation 
for X given as ' 

[ (sin ^ ^ sin*;^- V+1)} ] U(x) = 0 ... (3) 

can be shown to possess polynomial solutions of the form 

Uix) = ^ «o sin'+^'x 

M-0 

which leads to the degeneracy {(l-\-2V -]-2)l2} which is again unlike that 
obtained for Dirac levels. 

Banerjee has given the radial equation as 
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The only difference introduced by using the above polynomial solutions for x 
would be to^ replace I by {l-\~2V). Substituting R{r) with /c* = (2r/ro) 

where r, = _ 

v-^ 



-‘) + l{ 


B 



... (5) 


It may be noted that this equation differs from that given by Bancrjee in the 
appearance of 3/2 in place of unity. As a result, one obtains the eigenvalue 
expression 

JT = m„c2 [ 1 + ^ ] ' - (6) 


which differs from the Sommerfeld’s formula in the i“eplacement of by {n^-\- J). 

It is, therefore, concluded that the new degree of freedom, obtained by intro- 
ducing the fifth dimension, does not produce the same effocjts as the ele(;tron sphi. 
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ON THE INFRA-RED SPECTRA OF SOLUTIONS OF 
aCHLOROPHENOL AND PHENOL 

S. 0. SIRKAK, A. B. DEB and S. B, BANBRJEE 

Optics Depahtment, Indian Association pom. tuk Cultivation or SoienoEi 
Calcutta-SS 

{B&ceived for publication, June 7, 1958). 

ABSTRACT. The infra-red absorption spectra of solutions of o-chlorophenol and 
jihenol in carbon tetrachloride and oyclohoxano and also of the pure liquids have been recorded 
with a Porlun-Eliner Model 21 spectrophotometer in the region from 2800 cni”i to 3700 om-i. 
Tlio strong absorption maxiinuin at 3533 cm-^ and the low inflexion at 3696 om“i due to 6% 
solution of o-chlorophenol are found to shift to 3540 cm“^ and 3606 cm“i respectively when 
the solvent is changed from carbon tetrachloride to cyclohexane. As the concentration is 
increased to 30% a new broader and weaker maximum appears on the lower frequency side 
of the main peak, In the case of pure liquid two new broad peaks ajipear with greater height, 
but the maximum at 3600 cm“i persists and an inflexion at 3600 cm~i is also observed. 

in tho case of 5% solution of phenol in carbon tetrachloride a sharp peak is observed 
at 3606 cm'i with a broad and higher maximimi at 3380 om”i and the height of the latter 
diiiiinishes as the oonccntration is reduced. 

These results have been compared with those reported by previous workers. It has 
been ooncludod that the maximmn at 3640 cm“i given by tho solution of o-chlorophenol in 
1-1 -.TdiixYu-o nsicillation m the 0-H group in tho trans configmution and that 
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ON THE INFRA-RED SPECTRA OF SOLUTIONS OF 
O-CHLOROPHENOL AND PHENOL 

S. C. SIRKAR, A. R. DEB and S. B. BANERJEE 

Optics Department, Indian Association pob the Cultivation op Science, 
Caloutta-32 

(iJecfiived for publication, June 7, 1958). 

ABSTRACT. The infra-rod absorption spectra of solutions of o-chlorophenol and 
])honol III carbon tetrachloride and cyclohexane and also of the pure liquids have been recorded 
with a Porldn-Elmer Model 21 spectrophotometer in the region from 2800 cm“i to 3700 om“l. 
The strong absorption maximum at 3633 om-^ and the low inflexion at 3596 cm-i due to 6% 
Holution of o-chlorophenol are found to shift to 364.0 cm~i and 3005 cm“i respectively when. 
Uio solvent is changed from carbon tetrachlorido to cyclohexane. As the concentration is 
mci cased to 30% a new broader and weaker maximum appears on the lower frequency side 
of the main peak. In the case of pure hqiud two new broad peaks appear with greater height, 
but the maximum at 3600 cm~i persists and an inflexion at 3600 om~i is also observed. 

In tho case of 6% solution of phonol in carbon tetrachloride a sharp peak is observed 
at 3605 cm~i with a broad and higher maximum at 3380 om-i and tho height of the latter 
diiiunishes as the ooncontration is reduced. 

Those results have boon compared with thosu reported by previous workers. It has 
boon concluded that tho maxiniuin at 3640 cm“i given by the solution of o-chlorophenol in 
cyclohexane is due to valence oscillation in the O-H group in the trana configuration and that 
the assignment of this frequency to the cis configuration made by previous workers is not 
covi'cct mainly for the reasons that the frequency is found to depend on the environment, 
that the O-H frequency of phenol should be higher than that of froo O-II group in o-ohloro- 
phuiiol molecule, and that the interval between this maximum and the low peak at about 
3600 cm“i roinains constant when either tho liquid is dissolved in different solvents or tho 
temporatm’e of tho solution is changed. 

INTBODUCTION 

It was first suggested by Pauling (1936) that the two peaks at 6910 cm"^ 
'iiid 7060 cm"^ observed in tho infra-red spectrum of solution of o-chlorophenol 
in carbon tetrachloride (Wulf and Liddel, 1936) are duo to the first harmonic 
of the valence oscillations of the O-H group in the cis and trans configurations 
respectively with respect to the chlorine atom. Later, Davies (1938) investigated 
the infra-red spectrum in the 2 . 8 /-t region of the solution of o-chlorophenol in CCI 4 
id 18'’C and and observed that at 18°G there was a strong peak at 2.825/^ 
(3540 cm~^) and a very weak peak at 2.776/« (3600 cm"^) and that the intensity 
of the latter peak increased when the solution was heated to 73'’C. He pointed 
out that these results confirmed tho hypothesis of Pauling mentioned above. He 
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further calculated froru the inteiiBity-ratio the energy-difference between the 
two states and found it to bo 1420 cal/molo. Recently, Mukherjee (195S) 
studied the Raman spectra of solutions of o-chlorophenol of different concentra- 
tions in different solvents and observed that the intensity of the line 3633 
due to OH valence oscillation in the pure liquid increases when the substance is 
dissolved in carbon tetrachloride and it increases further with the diminution m 
the concentration of the solutions. Similar results were observed in the ca.se ol 
solutions in cyclohexane, but the line is situated at 3660 cm“^ in this case. He 
has concluded from these results that as this line is attributed to the OH valence 
oscillation of the 0-H group in the trans position, the number of such mole- 
cules mcr oases with diminution of eoncentration of the solution in carbon tetra- 
chloi’ido. Ho further suggested that the line 3550 cm"^ observed in jthe solution 
in cycli)hoxano might represent the frequency of free 0-H valence oscMlations and 
that in the solution in carbon tetrachloride the frequency is loweAd to 3r):i:! 
cm“^ by the inlluence of the chlorine atoms in carbon tetrachloride molecules 

The frequency 3540 cm~^ reported by Davies (1938) in the infra-red spectrum 
is slightly higher than the Raman frequency 3533 cm~^ observed by Mukherjeo 
(1968) m the Raman spectrum of the solution in carbon tetrachloride. Also the 
influence of different solvents on the infra-red spectrum was not investigated by 
jwevious workers. It was further noticed that the energy-difference of the two con- 
figurations deduced by Davies for the solution in carbon tetrachloride wa.s miicli 
smaller than that for the vapour (Zumwalt and Badger, 1940). It was, thoreforu, 
thought worthwhile to find out this influence in solutions of different strengths 
in different solvents and to correlate the results of such investigations with those 
on the Raman siioctra of the solutions of o-chlorophenol published by previous 
workers. With this object in view studies have been made of the infra-red spectra 
of solutions of different strengths of o-chloro|)henol in carbon tetrachloride tuicl 
cyclohexane and similar investigations on the spectra of phenol have also bocu 
carried out for comparison. The influence of temperature on the infra-red spettia 
of the solutions of o-chlorophenol has also been studied. 

EXPERIMENTAL 

The infra-red spectra were recorded with a Perkin-Elmer Model 21 infra- 
red spectrophotometer provided with a rock salt prism and wave number scale 
in the counter. The slit was adjusted by putting the resolution dial at about 
916. Atmospheric absorption had to be correctly compensated by adjusting the 
balance in order to get reliable results. The gain in the amplifier required for 
satisfactory operation was found to be 6.0. For calibration in the region 3000 
cm“^“3800 cm~^ the C-H band of benzene at 3046 cm~^ was recorded with the 
double beam arrangement and this band was put at 3046 cm“^ in the counter. 
It was found, however, that when operated as a single beam instrument to record 
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the atmospheric water band at 3740 cm-^ the position of the band indicated by 
the counter was only about 3732 cm-^. So, no attempt was made to make tlie 
counter read correctly beyond 3600 cm“^. The instrument was placed in an 
air-conditioned room, the temperature of which was maintained at about 27 '‘C. 

Chemically pure o-chlorophenol purchased from B.D.H. was redistilled 
under reduced pressure. Phenol of the same quality was purified by repeated 
crystallisation. Carbontetrachloride and cyclohexane used as solvents wore 
also of chemically pure quality and these two liquids were also distilled in vacuum 
before being used as solvents. 

In the case of o-ohlorophenol the strengths of the solutions used wore 30% 
and 5% for the solution in carbon tetrachloride and 30%, 6% and 3% for the 
solution in cyclohexane. The spectrum duo to pure o-chlorophonol was also 
recorded for comparison. Similar studies wore made with solutions of phenol 
of strengths 5% and 1% in carbon tetrachloride and 4% and 1 % in cyclohexane. 
Tlie thickness of the cell was 0.1 mm in the case of ddutc solutions and .025 mm 
in the case of the pure liquids and their concentrated solutions 

In order to find out whether the position of the absorption maximum duo to 
the solution of o-chlorophenol in carbon, tetrachloride depends on temperature, 
ilie curve due to a 5% solution at 70°C was recorded and compared with the 
cin vo recorded for the solution at 27 “C. This was a repetition of the invostiga- 
Uon made by Davies (1938), but special care was taken to resolve the structure 
and to find out whether any small shift of the maxima took place with the 
change of temperature of the solution. A cylindri(’,al electrical heater was used 
to heat up the coll up to 70°C, the temperature beitig observed Avith an ordinary 
mercury thermometer. Similar investigation was carried out in the case of a 
3% S(jlution of o-chlorophenol in cyclohexane. Compensation cell Avas used in 
llio reference beam in the case of all the solutions. 

RESULTS AND DISCUSSION 

The absorption curves due to o'-chlorophenol and its solutions of certain 
concentrations in carbon tetrachloride and cyclohexane at 27 “C are reproduced 
in figure 1. A comparison of the curves TI and III duo respectively to 30% and 
5% solutions of o-chlorophenol in carbontetrachloride shows that in the latter 
case there is a sharp peak at about 3533 cm~i having a very Aveak maximum at 
3595 om“^. The latter peak is resolved only when full compensation of the 
atmospheric bands is achieved; otherwise only an inflexion is recorderl in this 
place. In the case of the 30% solutions the maximum is broadened towards 
lower frequencies and extends up to 3300 cm~^, a new broad peak being present 
at 3450 cm*^. In the case of the pure liquid the maximum is still broader 
towards lower frequencies and the absorption in the 3300 cm“^ region is very 
much- larger than that in the curve due to the 30% solution, So, it appears 
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that as the concentration increases, the molecules of o-chlorophonol in the solu. 
tion have gi’eater chance of coming together and the new absorption in the region 
3300 cm“^ —3450 cm~^ is probably produced by some sort of association of 
molecules. In the case of the pure liquid the maximum absorption is at 
3600 cm“i and even at 3300 cm~^ the absorption is only slightly less than the 
maximum, but at frequencies lower than 3300 cm“^ the absorption falls off 
sharply. The nature of the broad absorption peak observed in this case suggests 
that the peak is produced by superposition of three main broad peaks at 
3320 cm-i, 3450 cm-^ and 3520 cm“^ respectively. There is also an inflexion 
at 3620 cm-^. 



Fig. 1 . Infra-red absorption spectra 
Curve I, Pure o-chlorophenol 

„ II. 30% solution of o-ohlorophenol in CCI 4 

»» 6 % fr ff ,, ,, 

IV. 3% ff if f, „ 


oyolohexano, 
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111 the region of first harmonic of this frequency duo to pure o-chlorophenol 
in the liquid state Errera and Mollet (1935) observed a peak at 6620 there 
being very small absorption in the region of 7020 cm“^. For a comparison of the 
T'esults published by them with those observed in the present investigation it 
is to be found out whether the frequency of the first harmonic is exactly double 
of the fundamental or it is slightly different. The frequency of the strong funda- 
mental in the solution in carbon tetrachloride is 3533 cm-^ at 27^0 and not 3540 
cm“^ as reported by Davies (1938). This discrepancy is due probably to slight 
error in the calibration of the spectra reported by him. Actual measurement 
on the peak reproduced by him shows that the frequency may bo 3533 cm-^. 
The frequency of the corresponding harmonic in the dilute solution in carbon 
tetrachloride reported by Wulf and Liddel (1935) is 6910 cm~^, because the other 
peak observed by them at 7050 cm“' is only one tenth as intense as the peak 
at 6910 cm~^ . Hence it appears that the frequency of the first harmonic is slightly 
loss than double the fundamental frequency. If such a rule wore applied to the 
frequencies observed in the case of the pure liquid the peak observed by Errera 
and Mollet (1935) at 6620 cm“^ would correspond to a fundamental frequency 
at about 3385 cm*"^ but the maximum observed in the present investigation is at 
3500 cm“^. So, there seems to be some discrepancy between the data for the 
region of the fir st harmonic and those for the fundamental observed in the present 
investigation. These latter data show that the funamental 0-H frequency is 
probably altered in the pure liquid due to association of the molecules. Pauling 
(1945) suggested that the liquid may consist of dimers, and in that case two dif- 
ferent 0-H frequencies would be expected, one due to the 0-H group in which 
the hydrogen atom is attached to the oxygen atom of the neighbouring molecule 
and the other due to the 0-H group of which the hydrogen is attached to the 
chlorine atom in the cis position in the same molecule. Probably, these two 
frequencies are respectively 3320 cra“^ and 3450 cm“^. Some of the molecules 
may bo associated in a different way in the liquid and the absorption in the 3500 
cm-i region may be due to the OH group in these molecules. 

The discrepancy between the results reported by Errera and Mollet (1935) 
and those observed in the present investigation mentioned above can, however, 
bo explained by assuming that a combination frequency due to the C-H and 0-H 
valence oscillations superposed on each other produces a peak at about 6600 cm“^ 
111 the absorption curve due to the first harmonic of the broad peak represented 
by curve I in figure 1. Mukherjeo (1958) also suggested that a combination, 
frequency might produce the maximum at 6620 cm~^ in the case of the pure 
liquid. 

It can be seen from curve IV in figure 1 that the absorption peak due to 3% 
solution of o-chlorophenol in cyclohexane is at 3540 cm"^ and there is a weak 
broad maximum at 3605 cm“^, A 5% solution also gives similar results and a 
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30% solution gives new broad maxima as in the ease of the 30% solution in 
carbon tetrachloride . It is thus evident that the position of this weak peak changes 
from 3596 cm“^ to 3606 cm“^ when the main peak shifts from 3633 cm~^ to 364(J 
cm“^ with the change of the solvent from carbon tetrachloride to cyclohexane. 
The interval between the main peak and the weak one is thus maintained cons- 
tant and is about 62 cm"^. The shift of the main peak with the change of the 
solvent shows that probably the OH group giving this frequency is free and is in 
the tmns position, otherwise it would not be affected so much by the molecules 
of the solvent. 

There is another stronger reason to justify this assumption. The frequencies 
of the second harmonic of the 0-H oscillation diminishes by about 100 om~^ when 
the chlorine atom of the o-chlorophenol molecule is replaced by a bronqiine atom. 
So, it is expected that when a chlorine atom substitutes a hydrogen atom in the 
0-H grouji of the phenol molecule, the 0-H frequency should be lowered by inoi (5 
than 30 cm"^ in the fundamental mode. As the 0-H frequency of thb phenol 
molecule '^is 3605 cm“^ we can expect a frequency of about 3550 cm~^ m V-he cas(^ 
of free 0-H oscillation in o-chlorophenol molecule. Actually, we observe a fic- 
queiicy 3640 cm”^ in the case of the solution in cyclohexane. The influence of 
carbon tetrachloride molecules probably lowers the value still further to 3r).‘{;i 
om~^ in the solution in carbon tetrachloride. Hence, the assignment of the peak 
at 3595 cm~^ due to the solution in carbon tetrachloride to free 0-H oscillation 
is probably not correct. The curves due to 5% solution of o-chlorophonol in 
carbon tetrachloride at 27°C and TO^C are reproduced in figure 2. It can bo seen 
that at 27°G the main peak is at about 3533 cm~^ and the low peak is at about 
3695 cm“^, but they shift to 3540 cm'"^ and 3603 cm"^ respectively when ilie 
solution is heated to 70°C. These results confirm the view that the influontc 
of carbon tetrachloride molecules lowers the 0-H frequency in the solution. i\1 
the higher temperature this influence diminishes owing to larger distances between 
the molecules. The results further show that the weak maximum also shifts 
by the same amount as the strong one with the change of temperature, and the 
interval of about 62 cm"^ is maintained constant. This indicates that prohably 
the weak peak is due to a combination frequency, one of the frequencies being 
3633 cm“^ and the other about 62 cm^^. The latter may be that of torsional 
oscillation of the OH group. So, this maximum js in all probability not due 
only to the valence oscillation of the free 0-H group. 

Davies (1938) did not observe any resolved peak at 3695 cm“^ in the spectrum 
due to the solution of carbon tetrachloride at 18°C, but he observed such a maxi- 
mum when the solution was heated to 73°C. In the present investigation, however, 
even at 27°C a resolved low peak is observed at 3595 om"^. As can be seen from 
figure 2, the height of the maximum does not increase appreciably at 70"'C. 
Hence the value of the ratio of the number of molecules of the d? form to that of 
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trans form calculated by Davies has very little sigiiifioance. It might be men- 
tioned hore that the low maximum is resolved from the main maximum only when 
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Fig. 2. Infra-red absorption curves. 

5% solution of o-cliloroijhenol m UCI 4 at 27"C. 

„ „ „ at70®C. 

(The dotted curve is displaced downwards for clarity). 

tliore is perfect compensation of the bands in the region 3740 cm“^ due to water 
vapour. If there be slight unbalance, the peak disappears and an inflexion is 
()b.served in its place. It has also been verified that the solvent used does not 
give oven any weak peak in the whole region between 3000 cm“^ and 3800 crri"^. 
In the case of the solution in cyclohexane no change ui the spectrum is observed 
with the change of temperature. 

It is thus observed that the relative intensities of the maxima at 3533 cm~^ 
and 3595 cni“^ and the interval between them remain almost constant when the 
liquid is dissolved in different solvents and the temperature of the solutions is 
changed. Also in the absorption curve due to the pure liquid the inflexion at 
3610 cm”^ is distinctly visible. All these results lead to the conclusion that the 
1 ow peak in the 3600 cm“^ region is not due to valence oscillation in the free 
0-H group but it is due to a combination frequency. The main peak at 3533 
cm~^ due to the solution in carbon tetrachloride is thus to be assigned to valence 
(iBcillation in the free 0-H group in the trans position. The curve due to the 
pure liquid shows that tbia frequency is reduced to about 3600 cm“^ and this may 
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indicate that although the 0-H group is in the trans position in some of the mole- 
cules it is not free but probably it is linked to the chlorine atom of a neighbour- 
ing molecule. The frequency is further reduced when the dimer is formed through 
the 0-H linkage as suggested by Pauling (1945). 

Comparison with phenol 

The curves I and II in figure 3 show that the solution of phenol in carbon 
tetrachloride gives one broad maximum with its centre at 3380 om~^ and another 
sharp maximum at 3605 cm”^, besides the sharp peak at 3046 cm^^ due to C-H 
oscillation. The ratio of the heights of the first two peaks diminishes as the 
concentration is diminished from 6% to 1%. Each of curves III and IV in figure 
3 duo respectively to 4% and 1% solutions of phenol in cyclohexane, on the other 
handj shows a broad maximum at about 3340 cm”^ and sharp peak at 3|Q00 cm-^ 
but the latter peak is lower than that due to solution in ^carbon tetrachloride. 11 
appears from these results that in phenol the frequency of free 0-H valence oscil- 
lation is probably 3605 cm"^, but the number of such molecules is small even in 



3000 3200 3400 3600 

— ►r in cm-r 

Fig. 3. Infra-red absorption curves of phenol. 

Curve I and II. 6% and 1% solutions in CCl* 

Curve III and IV- 4% and 1% solutions in cyclohexane. 

4% solution in carbon tetrachloride and in the solution in cyclohexane the number 
is still smaller. The broad peak at 3340 cm-^ may be due to dimers formed by 
strong association of the molecules, It appears that by the influence of chlorine 
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at»>in 0 in the carbon tetrachloride the dimers are split up into single molecules, 
l)Lit they persist in the solution in cyclohexane. The formation of sijioh dimers 
or larger associaLed groups may be responsible for the high viscosity of pure 
phenol. If the formation of dimers in o-chloropheiiol in the liquid state through 
a linkage between the hydrogen atom of the 0-H group and the oxygen atom of a 
neighbouring molecule reduces the O-H oscillation frequency to 3320 cm~^ the 
iormation of similar linkage is to be postulated in the ease of phenol also, 
bocaiise in this case also the mean O-H frequency of the broad peak is 3320 cm"^. 
Jt IS interesting that there is no indication of absorption in the region 3450 cm“^ 
m the spectrum due to solution of phenol in carbon tetrachloride while a 30% 
solution of o-chlorophenol in carbon tetrachloride shows a peak at 3450 cm~^. 
TJiis maximum is therefore to be attributed to the frequency of oscillation in O-H 
group in the cis position with respect to the chlorine atom in the o-chlorophenol 
molecule and no such configuration of the phenol molecule is possible. Those 
results clearly show that the fundamental O-H oscillation in single molecule 
i)f phenol has the frequency 3606 om~^. As pointed out above, the corresponding 
frequency in the o-clilorophenol molecule should be a little less than 3606 cm"’^ 
ruid therefore the frequency 3540 cm“^ observed in the spectrum of solution of 
w-chlorophcnol in cyclohexane is to be assigned to the free O-H group in the 
trans position. 

(hm>pariwn of the infra-red and the Raman spectra 

It has already been pointed out that the Kamaii spectrum of o-chloro- 
l»heuoI ill the liquid state shows only a broad band at 3533 cm“^. The width of 
llic band estimated from the spectra reproduced by Mukherjee (1958) is about 
25 cm""^. On the other hand, the corresponding maximum in the infra-red spec- 
trinri reproduced in figure 1 has a ividth more than 300 cra~^ and extends from 
about^ 3250 cm"^ up to about 3600 cm“i. So, the infra-red absorption in the 
1'C‘gion from 3250 up to 3500 cm~^ is not represented in the Raman spectrum. 
It could be inferred from these facts that probably the absorption in this region 
IS produced by the O-H oscillation in the dimer proposed by Pauling (1946) and 
dial m the model of the dimer proposed by him the O-H stretching oscillation 
produces a very small change in the polarisability of the dimer. It can be easily 
seen from the model that when the stretching oscillations in the two OH groups 
are in phase the oscillation in the H-O-H group in the dimer is asymmetric. Pro- 
bably, the oscillation in the two O-H groups in phase is more probable than those 
ill opposite phases. The weak band at 3533 cm“^ in the Raman spectrum of the 
pure liquid is evidently due to the small number of associated molecules of other 
type and monomers present in the liquid. The increase in the number of single 
molecules in solutions, as indicated by the maxima in the infra-red spectra repro- 
duced in figure 1, is responsible for the increase in the intensity of the Raman 
line at 3533 cm'^. The shift of the Raman line due to the solution in cyclo- 
2 
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hexane observed by Mukherjee (1968) is also confirmed by the curve due to the 
infra-red spectrum rejMK)duced in figure 1. Thus the results on the investiga- 
tion on the Raman spectra agree satisfactorily with those on the ififra-rod 
spectra. 
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ABSTRACT. The purpose of this paper has been to consider the polarisation problem 
for nucloon-nuoleon scattering in the pseudosoalar meson theory. Attempts have always 
boon made to explain polarisation in case of scattering by expanding in terms of centre of moss 
angular momentum and considering the scattering problem with tho help of phase shifts in 
Ihc different angular momentum and spin states. This procedure often contains the error 
of keeping only a few pliase shifts without any theoretical justification We have avoided 
tliiK source of error by taking the usual iS!-matrix in the second and fourth orders. Using 
this direct method, it has been observed that polarisation in case of such a scattering, when 
initially tho partciles are unpolarised, is zero, which is in contradiction to the experimental 
results 


INTRODUCTION 

It is well known that the nuclear forces are best explained, at least in a 
qualitative manner, with the help of psudoscalar meson theory. We wish to 
consider polarisation in case of nucleon-nucleon scattering in this theory. 

Since the experimental discovery of polarisation in case of scattering, many 
attempts have been made to explain them with the help of different models or 
from field theory with approximate calculations (Bhatia, 1960 ; Verde, 1966 ; 
Lepore, I960). The approach of these attempts are similar to that of Mott (1932) 
and makes use of the centre of mass angular momentum expansion of the incom- 
ing and outgoing waves, and the subsequent calculations of different angular 
momentum states phase shifts only a few of which can be retained. Ihus, besides 
tho usual inaccuracy of the perturbation approach for the meson theories, the 
inaccuracy of retaining only a few angular momentum states without any theo- 
retical justification in the individual coses, is further added. 

To avoid at least the second error, wo have considered the scattering problem 
from the general scattering matrix in the second and fourth orders for the parti- 
cular case of neutron-proton scattering. We assume the incident particles to 
he uiipolarised and calculate the cross-section for an arbitrary direction of polarisa- 
tion of the outgoing proton beam. The dependance of this cross-section on the 
ptate of polarisation of the proton will give us the amount of polarisation of this 
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beam as a result of scattering, and by angular momentum conservation, we shall 
automatically obtain the polarisation of the neutron beam. 

It is, however, found that the scattering cross-section does not depend ou 
the state of polarisation of the outgoing proton, thus going against the expen- 
mental result that polarisation should be obtained in case of such a scattering. 

It is to be noticed, however, that the scatterers in the case of experimentR 
are not free particles, but are bound. This might bo the source of error in taking 
as we have done, the wave functions to be all those of free particles. 


RELATIVISTIC POLARISATION STATES OF A SINGLE 
DIRAC PARTICLE 


The four spinor wave function of the Dirac particle of energ 5 [-momentum 
p will be taken in the positive energy states as 






where the small component ^ip and = I 


sin ^ exp {iji) 


The invariant normalisation ^{p)\lr{p) — 1 gives us k . Wc 

adopt the notation of Heitler (1954) as regards the y-matrices the energy- 
momenta and the summation conventions. We define the anti -symmetric 
polarisation operator os 




such that the Pauli spin matrices cr are given as rr — (o-gg, 0 * 31 , o-^g). The relati- 
vistically covariant polarisation tensor is defined as 

= ^{V)^pv t{p) 

for the particle represented by the 4-spmor ^(p). Hence 


P s f ( 2 >) a f(p) 


M M{Sp+M) ^ 


( 1 ) 
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where 


Pnr = ^ip ^ “ COB fi, sin a sin ft, cos a) 

is the non-relativistic polarisation vector. 


Again, 


gives us 


“ (^14> ^84> ^34) 




= (r) 

^ (T 0^ 


^kO ~ ^ ^ ^NR 


( 2 ) 


Tt. is easily seen that 

])y oqns. (1) and (2) and further simplification, as w© should expect of the polari- 
Hiition, 

From the above-mentioned equations it is also clear that the strictly space 
]jart (1) of the polarisation depends on the momentum of the particle unless we 
quantise polarisation parallel to the direction of the momentum itself, in which 


case In such a case, the strictly relativistic part (2) also vanishes 

altogether. 

In the general case, however, both the ports of the anti-symmetric tensor 
stay, and have to be taken into account while considering coupling of this 
polarisation with any other tensor for an invariant description of such problems. 
Ttis also to be seen, that, if we consider, soy, only positive energy states, then such 


slates as exp(i^a;) 



are impossible. 


If we replace a by tt — a and ft by ft-\-TT, such that 


changes to 


cosy 


then the new thus obtained is orthogonal to the original one, and has just 
Ihe opposite polarisation even in the relativistic limit, 
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SECOND AND FOURTH ORDER PERTURBATION 
CALCULATIO NS 


In the specific problem of proton-neutron scattering, we take pg and 
and P4 as the four-momenta of the incident proton and neutron and the outgoinjr 

proton and neutron respectively. The interaction hamiltonian density is taken 
as 

»,(») = i3f(a:)75 ... ( 3 ) 

The meson and nucleon propagation functions are respectively as 


and 


exp{ik{x^-xt))dk. \ 


In the above, /i and M are respectively the meson and nucleon masses. Through- 
out, natural units c = = 1 have been chosen. 



Pig. 1(a) & (b) 

With summation over isotopic spin indices, the second order matrix ele- 
ments become 


... ( 4 ) 

= »W 7 r)*f (^3)7, 

5 ,( 1 !) = 2ig^2n)*yr{p,)y^ 

In the above result, \lr(p^ and ^(ps) are proton states and and are 

neutron states, and p = p,— p, and q = p,— p,. 

For calculating the fourth order matrix element, we consider moderately high 
energies so that only the graphs figure 2 (a & b) and the graphs with pj and P2 
interchanged contribute the maximum. 
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Pig. 2(a) & (b) 

Then we easily obtain the resiDoctive scattering matrix elements as 

=5/6g*f(^>a)r„l^^(pl)^(^)4)7.^(^»8)y,, ... (6) 

where 

^uv “ J d^k hnk^^-\-fj?‘Y'^\1c^ — ...(5a) 

Similarly 

Sjif) = —ll^^(‘p,)yi,f(pi)^(l>i)fY,^(Pi) Jf, ... (0) 

wliercj 

J^v = J 2A;^>4[(A;— ... ( 6 a) 

There will be two other iiiatrix elements with the exchange of 'p^ and (or 
y)g and p^) given as 

Si^'‘’*=—2l3g*fip3)yi,f(Pi)^{Pi)y^{Pi)Iiu' ... (7) 

whore 

\ Pi) ■•• 

and 

«/'’ = - ^f{Pa)V» ^(P^^iPa) 7. f(Pi)J'iii> •■■ (8) 



where 


n» — liAVi 4—“^ J^a) 


... (8a) 
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The numerical coefficients are seen to be different in the latter two cases from a 
consideration of the specific isotopic spin states of the neutrons and the protons 
and taking summation over such states for the Intermediate nucleons. 

Hence finally we obtain the scattering matrix up to fourth order as 

=i[S'*^^(p,)76 fipi) f{pt) 75 i/rip^+g^Q'^iPi) 76 'f(j)4)76 

+ll*Qi>y hPilTM fiPi) ^(Pt) r- fiPfi+fQ'K. ^{p»yyf f{pi) ^(p,)y, 

... (9) 

where 


Q = (27r)%^ 4- Q' - 2(27r)*[(? - p)^ + 


and 



... (9a) 




For the evaluation of the respective and J^p integrals, we make use of the 
representation. 


l/(« hed) = ^l dx] dy I dz x{l—x)[ay+b{l--y))x-\-{cz-\-d{l—z){l—x)]-^ 

0 0 0 • 

and employ the wellknown techniques of Feynman to evaluate the resiilliii}^ 
integrals. 

Thus wo sliall have 


luv = [^]dy JrfzL/Ji-a l\^(x, y, z)Pi, (x, y, z) + ^ S„ X»,-iJ ... (10) 

where 

A;. (*.».*) =Pi)i»(l— 3/)— P2A»P+ff(i (!—*)«, ... (lOfj) 

A = - (l-*)(pa+j%;) 

and 

A = - y, z)2 - A 

= - 2y)^ 4- //a(l - + q^{l _ x) 

- p^x^il —y) — 2{pq) a; (1 « x)yz . . . (1010 

The integrals J f^p, and J fip can also be written, down in a similar way and 
will have the same form as above. Hence by (9a), (10a) and (10), we have 


Qnv — djip 4” 


... ( 11 ) 



Pctorfeflrfiow , Dirac Partick, etc- 



whej e A waii; 4!"^^ funetwns of momonta and and S'^p wfe 
the components -of 'Jbiie awni pf symmetric tensor products of the luomentuin,- 
ciieigy four vectors. Htenoe in (11), we have 

^»V ~ ^vil 

anti also -Sf^, j8"w (htl— 1,2, 3) and are all real and all the remaining 

components of S and S' are pure imaginary. 

Hence we have 

Q\i = Qku 2, 3, 

Q*ik = — Q«, ... (12) 


and the Q’s as well are also symmetric. 

We shall now adopt the properties (12) of Qp„ and and employ the ex- 
prcHBion (9). 

In (9), we shall explicitly take ^(ps) to he in the positive energy state with a 
definite polarisation given as 


^(Pa) = 





(13) 



1 S 1 I ^ with the notation that 2 indicates summation over the spin states of 

P V p 

1) 2) 3 

particles of momentum p, will give us the scattering cross-section when the outgoing 
pToton has a definite state of polarisation given by (13) and the incident beams are 
uiipolarised. In the calculation of S | we shall have to employ the posi- 

PiyP2,P4 

live energy state projection operators A-i-(Pi), A (-(Pa) A+(P 4 )» 

where A+(p) = — ^ 


= _Ji_ 

with the abbreviation E\ — Ep~\- M and E~p = Ep—M, 

S 1^1® will give rise to sixteen terms in all, many of which will vanish. 

Pl>P2,Pi 

The different types of terms that will occur have been considered in the appendix. 
3 


E\ tr . p 

(7 . p E-'p 


(14) 
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When expressed in terms of the Pauli spin matrices, all of them will be of 
the form 


hp^) 

-^a+o- . 

which, by (13), will simplify to 
1 


A.2~\~o‘ . -Bg 


2ME\ 




(i:)) 


+ 0 - . [E+p^)‘^B^-{- l2?3l ^^4-2(^>3 ■ B 4 ) P 3 

~\-Ep (^2 (Ba+Ba) Xpal}v^/'Ji>3 


(15a) 


In order that the scattering cross-section may depend on the state of polarisation 
of ^(pa), the sum of the terms arising from the square bracket in (15a) from all 
the individual terms should not vanish. Since the final sum of all the terms must 

be real, in terms like (15a) we must consider only the real parts of Bg and 

jBg for the scattering cross-section that does not depends on the spin states of 
^A(pa) and to obtain the spin dependance of the cross-section, we must consider 

the real parts of .dg, A^, B^ and B^ and the pure imaginary parts of i^g and B^. 

It will however be seen in the appendix that in any matrix 


0 = 


^iH-Bi . or 
.dg-f^Bg . CT 


. (T 

^4 + B4 . CT 


considered in (15), A^ and A^, B^ and B 4 are pure imaginary and Bg and Bg are 

real. This shows that there is no preferred orientation of the spin of the proton 
as a result of scattering. 

APPEiTDIX 

The type of terms that will occur in S 1 B | ^ are the following : (ueglect- 

: Pup2>p* 

ing real coefficients which are unimportant for our purpose) 

(1) ^{p%)r/6^■^^p■^yY<fi^^P») Si>rMA+(i>«)r8^A+(j>4)J 

(2) ^{PiY/t A 4Pi)yifi A +(f>4)M A 

(3) A +{Pi)fiY\'lr(p^)Q^yQ^i Sp [jiy, A +(piWt A +(P4)] 
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(4) f{Pa)ys A 4Pi)fiyti^'^ip3)QiLi>Sp[/}y^ A +{Pfi)fiyp A +{Pi)] 

(5) r(pg,)y^ A 4Pi)fiyu A +{P4)fiy6 A 4Pz)Pyi>-f{P3)QiLv 

(®) ^ {P3)yn A 4P\)Pyk A 4p^Wyv ^ 4P2)Py\f{p3)QnvQ\}c 


There will be two terms, each of the type (1), (2), (3) and (6) and four terms each 
of the type (4) and (6). 

In the above expressions, while simplifying, we can very easily get rid of the 
y^’s when they occur in pairs by transposing and putting = 1, which 
introduces a change of sign at every step when a crosses a It can 
be easily seen that the terms like (4) which do not contain y^ in suitable pair will 
vanish since the spur becomes identically zero. 

To consider the matrix elements between f{p^) and in the different type 
of terms, we shall first prove the following result : When 


“T^ — ^ 
aj+icr . \ 

. 62 


— ► 

— ► —> 

ia^' -\-(r . 62' 

— ► — > 

— > — > 


Lirta' • W 

~\-i(r . 64' 

-\-icr . Bi 

iA^ -\-ior . 

1 — 



+0* . B^‘ 

— ► 

A^ . 





... (Al) 


and if ajg, 6*, aj,', 6/ {k = 1, 2, 3, 4) are all real, then also A/^\ (A; = 1, 2, 3, 4) 

are all real; i.e. the product of any two (and hence any number) of matrices of the 
above form (Al) remains unaltered in form with the real and imaginary parts 
remaining in tact. This result may be verified by direct multiplication. 

It can very easily be checked that (1) does not contain any polarisation term. 
Ill the second, we find that once we get rid of the yg’s the remaining matrices 
will be of the form (Al) and hence their products will also have the same form, 
and thus by (16a) will not give rise to any polarisation dependent scattering 
cross-section when we add to it the complex conjugate expression. 

For considering the terms of type (3), we first consider the case that is 
expressed as direct product of two energy -momentum vectors. In this case, 
clearly the operator within if(Pa) ^{P^ form (Al) as is easily seen by 

niultiplying by — and noticing that iyp for all values of p is of the form (Al). 
The spur in this term is easily seen to be real, and hence this term does not contri- 
bute anything to a polarisation dependant oross-section. In an exactly similar 
manner we can also see that when Qf^y or are (or as a corollary, sums of) 
momenta, none of the other types of terms can contribute anything to any de- 
pendance on polarisation. 
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Even when one (both) of Q^v and Qxj?' is replaced by or (and) with 
other real coefficients,, it can be seen in these terms that they will be sum of tonus 
with all their matrices of the form (Al). This can be proved, for example, 
separating a 7^ ... summation into two parts, as yj ... y*. (with ^ = l, 2, 3) 
and 74 ... 74. It will be seen that we shall either require two i’s to make the 
matrices of the form (Al) and with real coefficients, or they will be automatically 
of that form. 

As stated in the main text, this leads to the conclusion that the scattering 
cross-section will be independent of the polarisation state of ^(Ps). 
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dipole moments of some substituted benzenes 

AND PYRIDINES. PART II 
META DISUBSTITUTED BENZENES 
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Physios Dbpahtmknt, Ahdhha Univkhsity, Waltahi 
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ABSTRACT* The dipole monientH of m-fluorochloro, w-fluorobromo and jn-fluoro- 
lorlo bonzones were determined in dilute solution in-bonzene. For mota compounds the values 
agree with those calculated by simple veetonal addition of the group moments, indicating 
the absence of induced effects. 

INTRODUCTION 

A survey of the literature on dipole moments shows that not many fluoro 
coinpoimds have been investigated either in the gaseous state or in the solution 
state probably because of the difficulty in their preparation. The author could 
obtain a supply of these compounds through the generosity of Dr. Finger of the 
Illinois State Geological Survey, to whom he is particularly grateful. For these 
meta compounds no dipole moment data have been published previously. The 
author has determined the dipole moment values, making observations in dilute 
solution in benzene. The values for the ortho compounds have been published 
by Bergmann et al. (1930). Hurdis and Smyth (1942) have determined the 
(lijiolc moments of para fluorobromo and fluoroiodo benzenes in the vapoui* 
phase. The present results would complete the observations on this group of 
molecules. 


EXPERIMENTAL 

The experimental arrangement used for measurement of dielectric constants 
and refractive index of solutions and the method of calculation of dipole moments 
bom the experimental quantities and from the group moments, have been des- 
cribed previously by the author (Murty, 1967). The group moments and polari- 
sabilities used for calculating the dipole moments using Smallwood and Herzfeld’s 
method, are given below: 


Group 

Moment 

Polarisability 

F 

1.46D 

0.67 

Cl 

1.56 

2.51 

Br 

1.50 

3.63 

I 

1.26 

5.46 
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RESULTS AND DISCUSSION 

The experimental results are shown in Tables I, TT, and ITT and consolidated 
in Table TV together with the calculated values, Tii Table V are given the observed 
and calculated values for all these fluoro compounds. 

Table V shows that for the meta compounds the simple vectorial moment 
is in fair agreement with the observed values, whereas for the ortho compounds 
the agreement is not good — this fact shows that the ortho effects are appreciable 
for the halogen substituents, although a definite variation with size and polan- 
sability of the substituent group is not noticeable. When the moments are cal- 
culated by the Smallwood and Herzfeld method, a much closer agreement is 
observed for the ortho compounds also. This may further indicate that the 
ortho effects could be accounted for mostly by mutual inductive effeeijs, the effect 
due to storic repulsion being negligible. 


TABLE I 

m-Fluorochloro benzene 


w 


Ae 

Ab/W 

n2ja 

n3i2 

An^ 


0.01681 

2.2960 

0.0320 

2.023 

1.49348 

2.23049 

0.00017 

O.Oll 

0.02189 

2.3074 

0.0434 

1.983 

1.49347 

2.23044 

0.00021 

0.010 

0.04384 

2.3477 

0.0837 

1.908 

1.49347 

2 23044 

, 0.00021 

0.005 

0.06001 

2.3776 

0.1136 

1 .875 

1.49343 

2.23032 

0.00033 

0.005 

0.07630 

2.4047 

0 . 1407 

1.844 

1.49340 

2.23024 

0.00041 

0.006 


Vd = 60.0 

(J.O. 


1 .52 D. 






TABLE II 






m- 

■Fluorobromo benzene 



W 

*12 

Ae 

AefW 

Wja 

n^i2 

An2 

A„=*/Tf 

0.01311 

2.2818 

0.0178 

1.361 

1.49421 

2.23269 

0.00204 

0.160 

0.02116 

2.2925 

0.0285 

1.347 

1.49471 

-2.2,3417 

0.00,362 

0.110 

0.03366 

2.3103 

0.0463 

1.377 

1.49479 

2.23430 

0.00374 

0.111 

0.04832 

2.3313 

0.0673 

1.393 

1,49498 

2.23497 

0.00432 

0.089 

0.06184 

2.3493 

0.0863 

1.380 

1.49493 

2.23482 

0.00417 

0.067 

0.08718 

2.3843 

0.1203 

1.380 

1.49627 

2.23583 

0.00618 

0.069 


= 39,4 0.0. 


1.40 D. 
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TABLE Hi 

m-Fluoroiodo benzene 


w 

®12 

AC 

AB/W 



An’’ 


0.03779 

2.3058 

0.0418 

1.105 

1.49591 

2.23776 

0.00711 

0.188 

0. 04030 

2.3184 

0.0544 

1.104 

1.49655 

2.23965 

0.00900 

0.183 

0.06034 

2.3300 

0.0660 

1.094 

1.49697 

2.24093 

0.01028 

0.170 

0 07698 

2.3473 

0.0833 

1 082 

1.49770 

2.24311 

0.01246 

0.162 

0 10420 

2.3782 

0.1142 

1.096 

1.49879 

2.24637 

0.01672 

0.161 

0.12880 

2.4027 

0.1387 

1.076 

1.49985 

2.24955 

0.01890 

0.147 


Pt/ -= 38.3 

c.o. 


A = 1.38 D. 







TABLE IV 





Molecule 



Culoulated 

Vector S and H Observed 

Vyt-Fluoi'oohloro benzene 


1.60 

1. 

45 

1.62D 

)>i>-Fiuoi'obromo benzene 


1.48 

1 

42 

1.40 

«?i-Muoroiodo benzene 


1.36 

1 

31 

1 .38 


TABLE V 


Molecule 

Calculated 

Vector S and H 

Observed 

o-Fluoroolilorobenzeno 

2.60 

2.43 

2.38 D 

Vb- ,, 

1.60 

1.46 

1.62 

V- 

0.10 

0.08 

0.95* 

0 -Fluorobromobeuzene 

2.56 

2 36 

2.27 

m- „ 

1.48 

1.42 

1.40 

‘P~ 

0.05 

0.06 

0.50 

o-Fiuoroiodobenzene 

2.34 

2.10 

2.00 

HI- „ 

1.36 

1.31 

1.38 


0.20 

0.26 

0.90 


* Value determined by the author for the pure liquid. 

For para oompounds there are large differences between the calculated and 
observed values. The values calculated by taking inductive effects are not very 
different from those calculated by simple vectorial method. The calculated 
values show that the moments of these para compounds should be roughly zero. 
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The large values observed may represent the contributions by atomic polarisatieutj 
or resouaiice effect; the possible presence of small amounts of ortho compounrlH 
as impurities cannot also be ruled out. 
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AN ELECTRON DIFFRACTION CAMERA OF 
SIMPLIFIED DESIGN 
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{Reoeived for pubUcaiiorif April 9, 1958) 

Plate IX A & B 

ABSTRACT. A simple eleotroii diffraction camera has boon designed where the 
nuijoiTty ol‘ the speoimon motions required for all types of diffraction work has been trans- 
iiutied into vacuum through a Wilson seal using a rubber gasket only. Diffraction photo- 
pi upha can bo taken from four specimens without disturbing tlie vacuum and with an accuracy 
lipl.tcM' than 1%. The camera is adapted to the electron microscope after its projector lens 
w'liiclj can be adjusted to have a shadow micrograph of the specimen imder examination. 

INTRODUCTION 

For electron diffraction work, various rotational and translational motions 
Ji{i\ (5 to be imparted to the specimen while inside the vacumn The transmission 
of these motions is generally effected with the help of sylphon bellows and 
gr(Miiid joints (Finch and Quarrel, 1933, Germer, 1935; Thiessen and Schoon, 
1937 , Pinsker, 1953). The conical ground joints require frequent greasing for 
die luainicnanco of proper vacuum with the possibility of the contamination 
ol' the specimon (Hiliier and Baker, 1946). As electron diffraction work requires 
cNtiCiino purity of the specimen, it is preferable to avoid the greased groiinrl 
joints. Moreover, for transmission tif all possible types of motion, the spechneii 
lioJding mechanism may often be very t;oraplicated, Tii the present work, a 
h])C(imoii chamber is designed iu a very simple way avoiding the ground joints 



Fig. 1. a) The Hpeoiiueu niotiouB required fur transmission diffrootioi). 
h) The specimen motions required for reflection diffraction. 

369 
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and sylphon ]) 0 llows. Here the necessary motions have been imparted through 
a particular t 3 rpe of Wilson seal (Oailson, 1941) using only rubber gaskets. 

DESCRIPTION 

The different specimen motions required are illustrated in the figures 1(a) 
and (1)). Figure 1(a) refers to the transmission electron diffraction. With the 
electron beam travelling in the positive direction of the i/-axis, the specimen re- 
gion giving diffraction patterns of clearest and sharpest definition is to be selocted 
first. This requires a provision for the motion of the specimen along X- and y. 
axes. To determine the orientation of the crystals the specimen must be rotated 
about two axes: the X- axis in order to obtain a different inclination of the crystal 
pianos towards the electron beam and the Z-axis in order to changi the orioutution 
in azimuth (important for the study of monocrystalline films). FWuro 1(b) refers 
to the reflection electron diffraction. In this case the correct position is ol) 
tainod by turning it about the Y- axis and by displacing it either side iii the 
dirootion of the A’^-axis. A motion along the Y- axis will leci-ye scope foi 
exploring the specimen. Finally in the case of the single crystal one must br 
able to rotate the specimen about the X-axis. 

In the present work, the realisation of the majority of these motions was 
made by the use of a Wilson seal of the type shown m figure 2. From figure 2 j1 


X 



J4'ig. 2. The sectional diagram of the specimen chamber. 

will be evident that the specimen has got both rotational and translation motion 
along X-axis. Translation is also possible along Y- and Z- axes but they are not 
linear. It pau be easily seen that this will not affect in any way the main objec- 
tives since the motions required are very small. The only specimen movements 
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that are not permissible are (a) rotational motion along Y~ axis and (b) rotationl 
motion along ^-axis. 

Figure 2 shows the design of the specimen chamber using the above type 
of AVilsoi^ seal. The specimens for transmission work are held inside the grooves 
m a rectangular brass plate CD, drawn out from one end of the brass rod AB, 
The specimens are held on the collodion covered steel wire mesh normally used for 
the electron microscopy. To keep the specimens fixed in position during ob- 
servation, copper rings are placed over these wire meshes and kept tight by means 
of another thin brass plate screwed into the former one. Four specimens can be 
examined one after another and within a very short time without disturbing 
the experimental conditions. To impart motions to the specimen, four screws 
at right angles to each other and all in the same horizontal plane pass through 
a brass cylinder, PP. The rotatory motion is imparted by moans of the brass 
knob Q. Another brass cylinder tightly fitted to PP and fixed in position 
]iy a screw, boars a rectangular slot LL on the top of width exactly equal to the 
(liaiuoter of the brass rod AB. The rectangular slot can be fixed normal to the 
electron optical axis of the camera and thus the motion of the specimen rod is 
restricted perpendicular to the beam. This prevents any variation of the 
(liffr action during the examination of one specimen or in the course of changing 
from one length specimen to the next. 

The specimen chamber is adapted to the horizontal electron microscope 
(Das Gupta et ah, 1948) built in this laboratory after its projector stage (Hillier 
el. al , 1942; Cowley, 1958). There is no magnetic element between the diffraction 
specimen and the sensitive screen and hence there is no chance of any distortion 
of the diffraction diagram. Further, a large diffraction angle and hence greater 
number of diffraction rings are obtained for this position of the specimen. 

Figure 3 shows the electron optical ray diagram for diffraction. The con- 
denser lens, C forms an image of the cross over X from the electron gun. The 


5 



Fig. 3. Electron optical ray diagram for the diffraction work, 
position of this image can he varied by varying the condenser current. The 
smallest cross section B of the beam from the condenser lens is focussed by the 
objective, 0 in front of the projector lens P at E. This is again focussed by the 
projector lens on the final screen in order to obtain sharp diffraction rings. The 
Bpocimen is placed in the position D. The intensity of the diffraction diagram 
can he controlled by adjusting the objective and the condenser currents. The 
projector lens current can also be adjusted to obtain an electron optical shadow 
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micrograph of the specimen under observation. This allows an oxaminaiiou 
of the nature and the distribution of the diffraction specimen at a magnification 
of about 30X and ensures proper selection of the specimen area for diffraction 
work. 


RESULTS 

Plate IX A shows the diffraction photographs of the four gold films o[ i)u. 
same thickness placed at tlie four positions of the holder. The ring diainptci\s 
of the individual photographs wore measured and are given in Table i. Tij^, 
maximum deviations in the measured diameters of the corresponding rings a,s 
percentage of the mean diameter are given in the last column of the table An 
accuracy better than 1% is achieved with this system. j 

TABLK I \ 


Measurements on the diffraction patterns from the four Igold llJms 


hki 

Meaeui-ed diameters (cm) from Plate IXA 


(a) 

(b) 

(0) 

(d) 

deviation 

in 

1.402 

1 .466 

1.467 

1.460 

0.6% 

200 

1 .699 

1.698 

1.692 

1.686 

0.9% 

220 

2.380 

2.380 

2.389 

2.382 

0.4% 

113 

2.797 

2.792 

2.780 

2.780 

0 6% 


The calibration of the camera was made from the diffraction pafctoni of a, 
thallium chloride specimen (Plate IXB). 2/A was found to be 1.841)4x10” 
cm^. The normal diffraction pattern, the oblique texture pattern aiuJ shiuloAr 
micrograph (125 X) of a CdT^ specimen are shown iii Plato TXB b, c and fl 
respectively. 
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{Bec^ived for puhlicatiorif March G, 1058, after rnmion^ June 0, 1968) 

ABSTRACT. A simple relation between the range {B) and energy {E) of heavy 
charged particles has been proposed \ H ^ a (^7 1-c)”, where, a, c and n are constants, Ihe 
relation has been shown to be quite successful for proton ranges in a number of substances, 
up to 100 Mev. 

INTRODUCTION 

Ali charged particles in tlicir passage through matter lose energy by a zmmber 
of processes. Eor not too high energies, the chief causes are the excitation aiul 
ionization of atoms and molecules of the medium. The practical problem of esti- 
mating the energy of a nuclear particle from its observed range in a known medium 
IS of groat im})ortance and many experimental and theoretical studies have been 
made with the object of establishing standard range-energy relations. The 
subject has been reviewed m recent years by Taylor (1952), Bethe and Ashkin 
(1953), Allison and Warshaw (1953) and Ilehling (1954). 

It is convenient to distinguish the charged particles iu two typos ; electrons 
and positrons on one hand and all (‘barged particles heavier than electrons on the 
other Tn the present paper wo would confine ourselves to heavier particles. 
In the following E is the energy of the particle in Mov, v is its velocity and K 
is its range. The different units of range are indicated at appropriate places. 

8emi-theoretica] or empirical relations are frequently employed for repre- 
senting the relation between the energy and the range of a particle. 

The best known of these relations is due to Geiger (1910) : 

R = kv^^aE^i^ ... ( 1 ) 

Originally Geiger had suggested tliis for alpha particles having ranges between 
3 and 7 cm. 

For low energy alpha particles having ranges less than 4 mm., Blackett and 
hoes (1932) found the following eejuation to be satisfactory ; 

... (2) 

On the other hand, Briggs (1933) showed that for alpha particles having 
ranges greater than 5 cm., Geiger’s relation should be modified to 

R = W'28 


373 
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Rutherford, Wyun-Williama, Lewis and Bowden (1933) noticed deviations 
from the Geiger relation and gave a correction curve for the same. 

Meyer (1935) put forward the following relation for alpha particles : 

R ==— ... (4) 
where r. A, B and C are constants. 

It becomes apparent that power relations have only limited applicability. 
Livingston and Bethe (1937) have given a graph showing the variation of the ex- 
ponent n in Geiger law with E (figure 36, p. 278 of their paper). 

Rogers and Rogers (1938) have proposed a number of relations for different 
energy intervals. For example, for protons in air, with R in cm. : 
for i? ^ 6 

logio^? =-.3846+[.595 ± .45e-4a-f -0026 sm2(27rR/9) 
cos (7riZ/3)] logi(,2ii 

6 < iZ < 30 

E = 1.819+.16758(JZ-6)-.003(iZ-6)2+.00004(JZ-6)« 

30 < R < 90 , 

E ^ 4.661 + .08715(iZ-30)-.000454(iZ-30)2-l- .00000217(R-30)3 
Wilson and Brobeck (Wilson 1947) found for protons in air : 

B (in metres) = (j^/9.3)^“® 

Rogozinski (1951) advocates : 

R = 

If R is ill gm/cm^, « = 27.6 for A1 and n = 29 0 for air. 

Cook, Jones and Jorgensen (1953) have employed a modification of Geiger 
relation for low energy protons (60 — 250 kev) : 

R = C{E-^ECl^'^ ... (8) 

where E^ and C are constants. 

Recently Kalla (1966) has deduced from semi -theoretical considerations an 
equation for the ranges of alphas in air. But the values of the constants are 
fitted empirically : 

E = .4369iZi/H 5.676B1/8 log iZ+1.477iZ-2/34..97i2i2-2/3 log R ... (9) 
The equation is useful below 2.6 Mev. ^ 

Another recent equation is due to Gobeli (1956). For ranges of alpha particles 
in three semiconductors, he finds that his results can be represented by 

R = aE”-^b ... ( 10 ) 

where a, h and n are constants. A similar equation has been used by Livesey 
(1956). 



( 7 ) 
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NEW llELATTON 

From the above it will bo evident that aiinple power relations liold only for 
small energy intervals. The point has been illustrated in figure 1, in which log 
R has been plotted against log E for protons in air for 1? = 0.1 to 15 Mov. For 
the applicability of the power relation, the curve should have been a straight 
iiiie, Some of the relations proposed by earlier workers are rather complicated, 

'Che present paper suggests a simple range-energy relation for heavy particles. 
The relation is 

R=^a{E^-cf ... (lltf) 

where a, c and n arc constants. 

The relation may be put as 

logioi^ = a iogio(i7H-c)4-i? ... (115) 

Presently we would show its applicability to jirotons for wide energy intervals. 

Range-energy data for protons in a number of substances are available from 
experimental determmations and /or theoretical calculations. Individual subs- 
tances have been treated below separately. 

AIR 

Experimental determination of range-energy relation for protons in air 
have been made by a number of workers. These have boon reviewed by Clarke 
and Bartholomew (1949), Bethe (1950), Jesse and Sadauskis (1950) and Betho 
and Ashkin (1953). Theoretical calculations have been carried out by Smith 
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(1947) by numerical integration of the relativistic expression for dMjdx. The 
data for the region .05 Mev to 100 Mev can be represented by 
logi2(cm) == 1.795 log (i?+0.13)-i-0.2598 

Calculated values have been compared with experimental and theoretical values 
ill Table I. 


TABLE 1 
Air 


IS (Mev) 

It (cm) 
Calc. 

It (cm) 

Expt. & Theoi.* 

S o/ 

/o 

error 

0.06 

0.0838 

0.085 

— 1 41 

0.1 

0.1301 

0.16 

—13.3 

0.2 

0.2486 

0.286 

—12.8 

0.4 

0.682 

0.61 

— 4 6 

0.6 

1.034 

] .04 

— 0.58 

0.8 

1 697 

1.6 

— 0 19 

1.0 

2.265 

2.27 

— 0.22 

1.6 

4.372 

4.4 

— 0.64 

2 0 

7.068 

7.1 

— 0.45 

4.0 

23.2 

23 

H- 0 87 

6.0 

47.14 

46.7 

1- 0 94 

8.0 

78.23 

77.3 

-I- J 20 

10.0 

116.1 

114.8 

H 1 13 

16.0 

238.6 

238.6 

-f 0 04 

19.0 

363.4 

362 3 

-h 0.30 

30 

821.6 

819.4 

-1- 0.26 

40 

1374 

1374 

0 

60 

2049 

2063 

— 0.19 

GO 

2840 

2849 

— 0.32 

70 

3743 

3766 

— 0.34 

80 

4764 

4709 

— 0.31 

90 

0872 




100 

7095 

7096 

0 


* fSouroos of data : 


.06 — 1.6 Mev — Head from the curve given by Bethe (I960). 

1.6 — 16 Mev — Read from curve given by Bethe and Aahkin (1963). 
16 — 100 Mev — Theoretical caloulationH of iSmith (1947). 


BERYLLIUM 

Aron (1951) has theoretically calculated the ranges, buj^as the value of the 
effective ionization potential used by him was found to be rather low, Bichsel, 
Mozley and Aron (1957) have recalculated ranges for energies between 1 to 21 
Mev. From these the values of the constants in eq. (11b) were determined; 

log i2(mg/cins=) 1.816 log (ii;H-0.18)+0.3443 
Table II shows the results. 



Range-Energy Relation for Protons 


377 


TABLE n 
Beryllium 


E (Mev) 

B (ing/om=i) 
Calc. 

(mg/om^) 

Theor."" 

% 

error 

1 

2.99 

3.0 

—0.33 

2 

9.10 

9.1 

0 

3 

18.06 

18.0 

-t-0.33 

4 

29.67 

29.6 

-fO.24 

5 

43.8 

43.6 

+ 0.46 

6 

60.37 

60.1 

+0.46 

7 

79. 2S 

78.9 

1-0.44 

S 

100.4 

100.0 

+ 0.4 

9 

123.8 

123.3 

+0.4 

10 

149.4 

148.8 

+0.4 

11 

177.1 

176.6 

+0 34 

12 

206.8 

206.3 

+ 0.24 

13 

238.7 

238 . 2 

+ 0.21 

U 

272.7 

272.1 

+0.22 

15 

308.6 

308.1 

+0.16 

16 

346 5 

346.1 

(-0.11 

17 

386.4 

386.1 

+ 0.08 

16 

428.3 

428.1 

+ 0.05 

19 

472.0 

472.0 

0 

20 

517.6 

517.6 

0 

21 

566.1 

.565.9 

--0.14 


* Theoretical values from Biohsel et cU, (1967). 


ALUMINUM 

Aluminum is one of the most useful substances for range measurements at 
both low and high energy because it can be obtained both in thin foils and in 
bulk, with ~Kgli~ purity”" ah3r satisTactory uiuf6fmil>^~TtTslin" element, hence 
preferable to mica whose chemical composition varies and it has at the same 
time sufficiently low atomic weight to permit the application of theory at 
relatively low energy. 

Experimental results have been summarised by Bethe and Ashkin (1953). 
Smith (1947) has tabulated theoretical results for .& > 1 Mev. 

The data can be expressed by 

log ie(mg/cm2) = 1.777 log (j67+0.15)+0.4384 

The calculated values by this relation together with Smith’s values are 
recorded in Table III. 

5 
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TABLE V 
Silver 


E (Mev) 

(mg/om^) 

Calo. 

R (mg/oin3) 
Theor.* 

4 

62.61 

62.60 

0 

114.7 

112.63 

8 

179.8 

176.97 

10 

267.2 

261.89 

U 

447.2 

439.36 

20 

813.2 

803.56 j 

20 

1272 

1261.0 \ 

30 

1624 

1616.0 \ 

34 

2014 

2006.7 

38 

2439 

2436.0 

42 

2901 

2898.9 

40 

3396 

3397.4 

60 

3923 

3929.6 

00 

6389 

6402.8 

70 

7060 

7071.1 

80 

8902 

8924.8 

90 

10940 

10966 

100 

13160 

13166 


* Theoretical values from Aron (1951). 


GOLD 

For low energy region Wilcox (1948) gives a range-energy curve obtained 
by integrating the dEjdx cutve. Theoretical values have been provided by 
Bichsel, Mozley and Aron (1967). Their data can be expressed by 

logi? (mg/cm*) = 1.74 log (A’+l.lS)-!- 0.7329 


Table VI shows the agreement between the two sets of values. 
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TABLE VI 
Gold 


E (Mev) 

R (mg/cm2) 

Calc. 

R (mg/om2) 
Theor.* 

2 

39.8 

39.7 

3 

64.3 

64.3 

4 

93.62 

93.6 

5 

127.6 

127.3 

6 

166.7 

165.5 

7 

208.1 

207.8 

8 

264.5 

254.2 

9 

304.8 

304.5 

10 

359.1 

358.6 

11 

417.0 

416.4 

12 

478.4 

477.8 

13 

543 4 

642.9 

14 

612.0 

611.6 

16 

684.2 

683.6 

16 

759.7 

769.0 

17 

838.3 

837.8 

18 

920.0 

920.0 

19 

1005.7 

1006.6 

20 

1093.7 

1094.2 

21 

1185.6 

1186.2 


• Theoretical values from Bichsel et al (1957). 

GLYCEROL TRISTEARATE CstHuoOo 

111 many neutron experiments hydrogen is used in the form of an organic 
compound. Glycerol tristearate is one of the important ones. Hirachfelder and 
Magee (1948) have calculated ranges by a semi- theoretical method. The equation 
is 

log R (mg/cm2) = 1.81 log (^?+0.12)H-0.2247 

Table VII shows some of the theoretical values of Hirsohfelder and Magee 
together with the calculated values from the above formula. 
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TABLE VII 


Glycerol tristearate 


E (Mev) 

R (mg/cm^) 

Calo. 

R (mg/om*) 
Theor.* 

0.02 

0.0478 

0.046 

0.05 

0.0679 

0.068 

0.1 

0.1083 

0.106 

0.2 

0.2132 

0.205 

0.4 

0.6137 

0.600 

0.6 

0.9256 

0.911 

0.8 

1.442 

1.430 

1.0 

2.060 

2.060 

1.2 

2.773 

2.767 

1.4 

3.679 

3.676 

1.0 

4.477 

4.476 

1.8 

5.464 

5.464 

2.0 

6.536 

6.639 , 

2.2 

7.697 

7.698 

2.4 

8.037 

8.041 

2.6 

10.26 

10.267 

2.8 

11.67 

11 .673 

3.0 

13.16 

13.160 


Theoretical values from Hirsohfelder and Magee (1948). 


PARAFFIN (CH2)n 

Hirsohfelder and Magee (1948) have tabulated theoretical results for paraffin 
also. The equation is 

log B (mg/cm®) = 1,834 log (iS+0.12) +0.1906 


Results are given in Table VIII. 
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TABLE VIII 
Paraffin 


E (Mev) 

B (mg/om^) 

Calc. 

B (mg/om^) 
Theoi.* 

0.05 

0.06013 

0.06096 

0.1 

0.0965 

0.09613 

0.2 

0.1918 

0.18908 

0.4 

0.467.S 

0.46833 

0.6 

0.8487 

0.86101 

0.8 

1.331 

1.36769 

1.0 

1.909 

1.95202 

1.5 

3.766 

3.83930 

2.0 

6.160 

6.2683 

3.0 

12.60 

12.652 

4.0 

20.81 

20.060 

5.0 

31.00 

31.118 

6.0 

43.00 

43.070 

7.0 

56.76 

56.771 

8.0 

72.23 

72.182 

9.0 

80.34 

89.276 

10 

108.1 j 

108.022 

11 

128.5 

128.40 

12 

160.5 

160.40 

13 

174.1 

173.99 

14 

199.2 

199.17 

16 

226.9 

225.91 


Theoretical values from Hirsohfolder and Magee (1948). 


NUCLEAR EMULSION 

Due to the great importance of nuclear emulsion technique, extensive ex- 
perimental and theoretical investigations have been carried out for establishing 
accurately the range-energy relation for the nuclear emulsions. 

Simple power relations have been employed by some workers (Lattes, Occhia- 
lini and Powell, 1948 ; Bradner et al, 1960 ; Lees et al^ 1963) for representing 
their data. 

Recently Daniel, George and Peters (1965) have examined some of the experi- 
mental and theoretical data and given a ‘best value’ table of range and energy 
for Ilford C2 emulsion (density 3.94 gm/cm®). We have utilized their data for 
finding the values of the constants in the formula 

log B =: 1.749 log (^+0.26) - 2.0301 

where B is in mm. 

The calculated values by the above expression have been compared with the 
values giv«44jy-Dani©l -et <il, in -Table-IX.- - 
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TABLE IX 

Ilford C2 nuclear emulsion 


SI (Mev) 

B (mm) 
Oalc. 

B (mm) 

Expt. & Theor.* 

% 

error 

1 

0.01379 

0.0138 

-0.07 

1.6 

0.02482 

0.0266 

-2.67 

2 

0.03864 

0.0399 

-3.4 

3 

0.07332 

0.0746 

-1,71 

4 

0.1172 

0.1186 

-1.1 

6 

0.1696 

0.1726 

-1.68 

6 

0.2301 

0.2350 

-1.96 

7 

0.2983 

0.3030 

-1.66 

8 

0.3740 

0.3780 

-1.06 

10 

0.5466 

0.6640 

-1.36 

15 

1.096 

1.100 

-0.46 

20 

1.799 

1,815 

-0.88 

30 

3.627 

3.616 

+ 0.33 

40 

5.977 

6.960 

+0 28 

60 

8.812 

8.760 

+0.71 

60 

12.11 

11.86 

+ 2.19 

80 

20.0 

19.80 

+ 1.01 

100 

29.60 

29.70 

-0.67 


♦ Data from. Daniol, Geoige and Peters (1055). 


DISCUSSION 

The values of the constants in equation (11) for the various substances have 
been summarised in Table X. * 


TABLE X 


Values of the constants {E in Mev) 


Substance 

Unit of B 

n 

c 

B 

a 

Air 

cm 

1,796 

0.13 

0.2698 

1.819 

Beryllium 

mg/cm- 

1.816 

0.18 

0.3443 

2.210 

Aluminum 

mg/cm 

1.777 

0.16 

0.4384 

2.746 

Copper 

ing/cm!! 

1.778 

0.6 

0.6076 

3.218 

Silver 


1.768 

0.9 

0^763 

3.770 

Gold 


1.74 

1.16 

0.7329 

6.406 

Glycerol tristearate ,, 

1.81 

0.12 

0.2247 

-1.678 

Paraffin 

>> 

1.834 

0.12 

0.1906 

1.661 

Nuclear emulsion 

mm 

1.749 

0.26 

—2.0301 

0.009330 
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Though there is no regular variation in the values of the constants, yet a 
rough observation may be made that n has a tendency to decrease and C tends to 
increase as wo go to substances of higher effective atomic numbers. Value of 
a is dependent on the unit of i2. In those cases where has been expressed in 
mg/cm® it may be noticed that a increases with increase in effective atomic number. 

It will be observed from Tables I to IX that the agreement between the cal- 
culated values from oq. (11b) and the theoretical and/or exponmental values is 
quite satisfactory up to 100 Mev. Errors are usually of the order of 1 %. It may 
be added that the accui'acy of theoretical and experimental figures is usually of 
the order of 2%. Further, the constants were not determined by the method 
of least squares; if they are determined by the method of least squares the results 
can be expected to be even better. 

Below 0.1 Mev protons begin to capture electrons. The theory of the electron 
capture has not yet boon fully worked out, though approximate studies have been 
made. In a number of cases (glycerol tristearate, paraffin etc.) theoretically 
calculated values are available for ^ < 0.1 Mev; but as these values do not 
include the effect of electron capture, they may be in orror. 
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DIELECTRIC RELAXATION-EFFECT OF 
TEMPERATURE 

K. V. GOPALA KRISHNA 

MionowAVE Labobatory, Andhra University, Waltair. 

{Received for publication, February 26, 1968) 

ABSTRACT. Dieleotrio relaxation tunes wore determined over a wide range of 
temperatures for benzophonone, ethyl benzoate, or-nitro-naphibalene and ethyl adipate 
dissolved in heptane and ethyl adipate in decalin. The results have been discussed in the 
light of Eyring’s theory on dipole rotation. 

INTRODUCTION 

Recent approaches to the problem of dieloctrit; relaxation have involved the 
supposition that the dipole actually rotates between two positions of equilibrium 
separated by a potential energy barrier. If the height of the potential energy 
barrier is Hj, then Frohlich (1949) has shown that the dielectric relaxation time 
T, considered as a measure of the transition probability, is given by a relation 
of the form 

... ( 1 ) 

where G is temperature-dependent to some extent, 7r/w^ the average time required 
by an excited molecule to turn from one equilibrium direction to the other. 

Eyring (1941), postulating an analogy between the processes of dipole rota- 
tion and of unimolecular chemical reactions, identifies 77^ with AF, the thermo- 
dynamic standard free energy associated with these processes. His theory leads 
to a value hjKT for the factor h being the Planck’s constant, and equa- 

tion (1) can be witten as 

T = -^eBTlKT ... ( 2 ) 

where AjT — C'/co^. 

As in the dielectric relaxation, the conception of viscous flow as involving 
the surmounting by each molecule of a potential energy barrier of height Hjj 
say, each time it moves, leads to a relation of the form 

7 ) = 3 

387 


( 3 ) 
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Eyring (1941) identified B witli the factor hNjV, where Ji is the Planck’s constant, 
N the Avogadro’s number and V the molar volume. 

This approach by Eyring to the understanding of relaxation as a rate process 
was investigated by Whiffen and Thompson (1946) by carrying out measurements 
on dilute solutions of chloroform, camphor, etc., in heptane. They observed 
a linear relationship between the logarithm of the relaxation time and the reci- 
procal of the absolute temperature. They pointed out, however, that a slight 
curvature to the graph, expected on the basis of E 5 Ting’s theory, could not be 
detected due to insufficient accuracy in their experimental results. Their obser- 
vations indicated further an approximate equality of Hj and They eva- 
luated also the entropy change (A>S) and heat content change (Aff) for the process 
of activation and noticed that the entropy changes of activation were all small 
and negative. They said that the physical significance of such negativ^ values 
should be left foi later consideration but however indicated that this data might 
bo informative about the packing of the molecules when compared with the 
corresponding values for other systems. Similar conclusions were drawn by\Smyth 
et al, (1948) in their study on alkyl bromides. Kecont investigation by Saxton 
(1952) on the effect of temperature on dielectric relaxation in the clase of 
pure polar liquids, indicated a linear relationship between log Tt and 1/T in the 
case of methyl and ethyl alcohols but a emwature in the case of water. But 
in all the three liquids ho found the plot of log Tt versus log to be a perfect 
straight line with slope unity, thus showing that Hr is identical with Further 
his observations on the two factors A and B indicated that, though they remained 
fairly constant over a wide range of temperatures in the case, of alcohols, the 
values of the latter were found to be in reasonable agreement and those of the 
former to be significantly greater than the values predicted by Eyring. In 
the case of water he did not observe any constancy in the values of A and B, and 
this peculiar behaviour was attributed to the change of its co-ordinated structure 
with change in temperature, 

A study of these observations on the effect of temperature on dielectric 
relaxation, so far recorded, seems to indicate that Eyring’s theory on dipole rota- 
tion still remained open to discussion and requires a bulk of experimental data 
before any attempt is made to draw definite conclusions on this subject. Hence 
the present work has been undertaken with a view to studying Eyring’s approach 
in understanding dielectric relaxation. Observations are recorded on benzo- 
phenone, ethyl benzoate, a-nitronaphthalene and ethyl adipate dissolved in 
heptane and ethyl benzoate in decalin. is found approximately equal to 
Hr} in all the cases studied. The values for the factors A and B calculated from 
experimental observations are found to be constant in each liquid, and they are 
of the same order of magnitude though not in agreement, with those predicted 
by Eyring (1941). 
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EXPERIMENTAL 

All the measurements on the effect of temperature were marie at a wavelength 
of 3.28 cms. 

The value of the dielectric relaxation time is evaluated at various tempera- 
tures by assuming Debye’s equation for the complex dielectric constant as a 
function of frequency for a dilute solution of a polar compound in a non-polar 
solvent which can be written as 

c* — 1 _ — 1 I 4i7Tn/i^ 1 

4:“2 e7"-r2 ■ 1 H- 

where n is the number of dipole molecules per c.c., e* is the complex dielectric 
(constant of the solution. 

Splitting the above expression into its real and imaginary parts, we obtain 
for the cooffieient of imaginary part 

36" _ COT ... 

9^’ r+ 7^2 ■ ■ • 


where e' and t" are dielectric; constant and loss of the solution. 

This equation (;an be written* as 

Te" __ AnN/Jt^W COT 

“{(e' +'^+V2}(i" ■■■ 

since n = where W is the weight fraction of the solute and M its 

molecular weight and N the Avogadro’s number. 

It can be seen that Tc"/{(e'4'2)2-|-e"2j^i2 is maximum, when cot = 1, which 
gives the value of r at that temperature. At any other temperature the ratio 
of the value of Te” j{{r* -\-2 Y-\-e"^}{Ii2 to its maximum value will be 2coT/(l+to2T2) 
in which t is the relaxation time at that temperature. The choice between the 
two possible values of t for one value of this ratio is determined by whether the 
temperature is above or below that corresponding to the maximum value. 

It may be mentioned here that WhiflFen and Thompson (1946) adopted this 
proeedure in their temperature measurements, but they have taken the following 
equation as the basis. 


tan 8 = 


(£+2)2 A:Tr iaCN cot 

e 21 KT ■ 1+coV 


where e is the dielectric constant of the solvent. This can be deduced from 
equation (4) if e', the dielectric constant of the solution is assumed to be equal 
to that pf the solvent and is neglected in comparison with (e'+2)2. Further, 
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in their measurementb, the dielectric constants of the solvent at dilferent tem- 
peratures were estimated from that at 20°C by assuming that the molecular 


polarisability 


e-|-2 p 


independent of temperature. 


In the present work, no such approximations were made, and equation 
(4) was taken as the basis for the ealculation. The values of e' and e” of the solu- 
tion at different temperatures were computed from the standing wave measure- 
ments by the method’indicated by the author (1960). 

The experimental set-up consists of Philips 66391 klysron oscillator with a 
frequency range 8600-9600 Mc/s fed by a stabilised power supply. In series with 
it are a matching unit a variable attenuator, a standing wave indicator and a 
silvered dielectric cell. The probe position in the standing wave indicatoi' can 
be read to 0.002 cm. The dielectric cell and the standing wave indicator are 
vertically mounted to facilitate introduction of several temperature baths at 
the dielectric end without disturbing the main set-up. The design of the dielec- 
tric cell is such as to maintain constant thickness of the dielectric irrespective 
of the temperature for which it is exposed. A piece of waveguide, connected 
between the standing wave indicator and the dielectric cell, reduced to a great 
extent the transfer of heat to the crystal. In addition to this, forced air was 
blown at the extension guide which was found necessary to obtain reproducible 
results. The required temperatures were obtained by hot water, ice and pre- 
cooled alcohol. 

The densities of the solution at different temperatures were measured by 
a Westphal balance, which are accurate to one unit in the third decimal yjlace. 


RESULTS AND DISCUSSION 

The experimentally obtained values of e", and density together with the 
values, T, log Tt, and IjT obtained on calculation for ethyl adipate, a-nitronaph- 
thalene, ethyl benzoate and benzophenono dissolved in heptane and ethyl ben- 
zoate in decalin are given in Table I. 

The values of the dipole moments are calculated from the maximum of 
since at that point its value will simply be 27TNfi^WI21KM. 
The dipole moments calculated thus are compared with those taken from R.F. 
measurements (Tables of dipole moments, Wesson, 1948) injbhe following Table II 

A reasonable agreement is found in all the cases and this can be taken as a 
satisfactory justification for using the Debye equations in calculating the values 
of T. 

The values of viscosity at various temperatures for the two solvents heptane 
and decalin are presented in Table III. The values of heptane are taken from 
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TABLE I 


Tonip “0 

e' 


Donaity 

T 10 -flog Tt 

1/T 

1. Ethyl adipate 

in heptane (Weight fraction of the Bolute' 

= 0.0464) 


-50 

2.70 

0.0711 

0.794 

27.5 

1.788 

4.48 

-40 

2.70 

0.0724 

0.784 

21.8 

1.706 

4.29 

-30 

2.70 

0.0704 

0.776 

17.4 

1.626 

4.12 

-20 

2.70 

0.0656 

0.766 

14.4 

1.661 

3.95 

-10 

2.69 

0.0593 

0.757 

12.0 

1.600 

3.80 

0 

2.69 

0.0536 

0.748 

10.6 

1.461 

3.60 

10 

2.68 

0.0498 

0.739 

8.6 

1.381 

3.63 

20 

2.66 

0.0384 

0.730 

7.2 

1.326 

3.41 

30 

2.64 

0.0330 

0.721 

6.4 

1.286 

3.30 

40 

2.03 

0.0286 

0.712 

5.7 

1.248 

3.20 

60 

2.60 

0.0201 

0.694 

4.2 

1.148 

3 00 

70 

2.56 

0.0177 

0.686 

3.9 

1.126 

2.92 

2. a-nttronaphthalene in heptane i 

(Weight fraction of the solute = 

0.0215) 

-20 

2.78 

0.1100 

0.767 

33.3 

1.925 

3 96 

-10 

2.76 

0.1120 

0.767 

28.3 

1.872 

3.80 

0 

2.72 

0 1127 

0.748 

23.6 

1.810 

3.66 

10 

2.69 

0.1096 

0.739 

20 8 

1.770 

3.53 

20 

2.68 

0.1066 

0.730 

17.4 

1.707 

3.41 

30 

2.67 

0.0976 

0.721 

14.9 

1.661 

3.30 

40 

2.60 

0.0927 

0.711 

13.7 

1.632 

3 20 

50 

2.68 

0 0811 

0.703 

11.5 

I., 568 

3.10 

00 

2.60 

0 0722 

0.604 

10.5 

1 642 

3.00 

70 

2 46 

0.0638 

0.684 

9 3 

1.506 

2.92 

80 ‘ 

2.43 

0.0560 

0.676 

8.2 

1.462 

2.83 

3. Ethyl benzoate in heptane (Weight iraotion of the Boluto 

== 0.0620) 


-40 

2,69 

0.0732 

0.786 

32.6 

1.880 

4.29 

-30 

2.69 

0.0767 

0.777 

27.3 

1.821 

4.12 

-10 

2.68 

0.0745 

0.759 

19.6 

1 712 

3.80 

0 

2.67 

0.0712 

0.760 

17.4 

1.677 

3.66 

10 

2.67 

0.0648 

0.741 

12 9 

1.662 

3.63 

25 

2.65 

0.0563 

0.728 

10.9 

1.510 

3.36 

40 

2.62 

0.0481 

0.714 

9.3 

1.463 

3.20 

60 

2.61 

0.0423 

0.706 

8.1 

1.420 

3.10 

00 

2.69 

0.0369 

0.606 

7.2 

1.378 

3.00 

70 

2.40 

0.0315 

0.688 

6.6 

1.347 

2.92 


392 


K, F. Qopata Krishna 
TABLE I {conid.^ 


Temp “C 

e' 

e" 

Density 

T 

10+ log Tr 

HT 

4, BenzophenotiG 

in heptane (Weight fraction of the solute 

= 0.0407) 


0 

2.65 

0.0948 

0.743 

27.3 

1.872 

3.66 

10 

2.64 

0.0952 

0.734 

23.5 

1.823 

3.53 

20 

2.63 

0.0937 

0.724 

20.1 

1.770 

3.41 

25 

2.62 

0.0912 

0.719 

19.0 

1.753 

3.36 

30 

2.61 

0.0891 

0 714 

17.4 

1.722 

3.30 

35 

2.60 

0.0864 

0.710 

16.7 

1.711 

3.25 

40 

2.56 

0.0829 

0.706 

16.3 

1 .680 

3.20 

45 

2.54 

0.0800 

0.702 

14.9 

1.675 

3.15| 

50 

2.52 

0.0765 

0.697 

13.9 

1 .650 

3.10 

60 

2.46 

0.0692 

0.688 

12.4 

1.615 

3.00 \ 

70 

2.45 

0.0631 

0.679 

11. 0 

1.676 

2.02 \ 

80 

2.43 

0.0568 

H 0.671 

9.8 

1.638 

2.83 \ 

Ethyl b&nzoate in decalin (Weight fraotioo of the solute 

= 0.0829) 


-20 

2 23 

0.0491 

0.928 

86. 4 

2.340 

3.95 

-10 

2.21 

0.0535 

0.918 

66.7 

2.244 

3.80 

0 

2 . 21 

0.0663 

0.908 

54.3 

2.171 

3.66 

10 

2.20 

0.0694 

0.898 

48.0 

2.133 

3.63 

22 5 

2.19 

0 0790 

0.886 

36.5 

2.033 

3.39 

20 

2.17 

0.0868 

0 879 

28 8 

1.939 

3.31 

40 

2.17 

0.0915 

0.868 

21.1 

1.819 

3.20 

40 

2 15 

0.0890 

0 859 

17 4 

1.747 

3.11 

58 

2.13 

0.0818 

0.850 

13. 1 

1.637 

3.02 

70 

2.12 

0.0734 

0.838 

11.3 

1.588 

2.92 

HO 

2.11 

0.0661 

0.828 

10.0 

1.546 

2.83 


TABLE II 

Substance 

Freseiit 

B. E. 


investigation 

measureinenlti 

Ethyl adipate 

2.10 

2.40 

a-nitronaphthaleno 

3.92 

3.88 

Ethyl benzoate in heptane 

1.84 

1-.82 

in decalin 

1.88 


Benzophenone 

2.81 

2.5 to 3.0 
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PhyBioo-Chemioal constants” (Timmermans). The viscosity of decalin was 
determined using Ostwald type of viscometer, the acctiracy of which may bo 
within 2 per cent. 


TABLE III 


n-heptaue 

Temp. “C Visooflity x 10^ 

Decalin 

Temp °C Viscosity x lOn 

6.6 

480 

0 

3400 

13.5 

442 

10 

2600 

21.7 

403 

14 

2370 

30.3 

300 

20 

2170 

38.3 

340 

27 

1730 

47.3 

311 

35 

1430 

56.0 

289 

45 

1200 

62 0 

271 

65 

040 

70.1 

253 

65 

740 

77.1 

237 



H5.5 

222 




It is observed that the plots of log Tt versus IjT yield a straight line, which 
moans that is constant. The plots of log t} and l/T fall on a good straight line, 
indicating Hr^ to bo constant. The values of Hj and calculated from the 
slopes of the respective graphs log Tt versus ijT and log rj versus IjT for the subs- 
tances investigated at present, are given in Table IV. 

TABLE IV 



ergs 

ffl/X 1018 

HrX lOia 

Ethyl adipate 

1.35 

1 .30., 

a -n itr on aphthaloiio 

1.32 

1 .sol 

Ethyl benzoate 

1.31 

1 . 36 1 Heptane 

Benzophenono 

1.28 

1 30 J 

Ethyl benzoate 

2.45 

2 81 Decalin 


It can be seen that in all cases is approximately equal to H^f, and the dif- 
ference is almost within the possible experimental error. It would thus appear 
that the heights of the potential energy barriers to be surmounted in the two 
processes of viscous flow and dipole rotation are almost equal. 

The factors A and B 

The values of the factors A and according to Eyring, as mentioned earlier, 
must be hfK and hNIV respectively. On this basis we might therefore expect 
to be a constant for all the liquids, and B also for any liquid except for the small 
variation of the molar volume V, with temperature. This aspect of Eyring’s 
theorjr was alBD“ studied irr thn present investigation; ' - 

7 
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The value of A is calcjulated at each temperature for the investigated mole, 
cules from equation (2) using the value of Hr obtained from the slopes of the plots 
log Tr versus 1/T. The results are given in Table V. It is observed that the 
values of A are fairly constant for each liquid, and they are in the same order 
of magnitude, but not in agreement, with the value hjK, which is 4.8 X lO-ii. It 
may be mentioned here that these observations are in accordance with those of 
Saxton (1962) in his studies on methyl and ethyl alcohols. His experimental 
results indicated that the values of A (average value 4.1 X 10’^° and 1.7 x IQ-i® in 
methyl and ethyl alcohols respectively), though observed to be constant 
over the temperature range— 10°C, to 60°C are significantly greater than 
hlK{4:Mx 

The values of B (shown in Table VI) are also calculated' roni equation (3) 
using the values of Hr, obtained from the slopes of the plots log Tj and 1/T. 
In the case of the solvent decalin, the value of B (2.13 XlO~®) is in reasonable 
agreement with the hNIV value calculated at 20°C which is 2.63xl0“®\ But iji 
the case of the solvent heptane, the experimentally determined value for B 
(1.45x10“*) is greater than hNIV value calculated at 20'’C which is 2.72x10“®. 
Reference may again be made to the work of Saxton (1952), in the two 
alcohols, the values of which are presented below. 


TABLE V 
Values for factor A 


Temp ®C 

Ethyl 

adipate 

Ethyl a-mtronaph- 

bonzoato thaleno 

in heptane A x 10'' 

Benzo- 

phenone 

Ethyl 
benzoate 
in deoalin 

-50 

7.00 





-40 

7.69 

14.2 

— 





-30 

7.60 

13.6 

— 

— 

— 

-20 

7.67 



19.6 



1.98 

-10 

7.64 

14.1 

19.9 

— 

2.08 

0 

7,00 

14.0 

19.7 

25.4 

2.24 

10 

7.65 

12.9 

20.3 

25.4 

2.59 

20 

7.48 

13.5 

(26'’0) 

19.7 

26.2 

2.67 

(22.6'’C) 

30 

7.62 

14.6 

10.7 

25.0 

2.46 

(29«C) 

40 

7.76 

14.1 

20.4 

26.1 

2.29 

50 

■ — 

14.0 

19.4 

26.6 

2.27 

60 

7.43 

13.9 

10.9 

26.7 

2.04 

(SS^C) 

70 

7.67 

14.1 

10.0 

26.6 

2.20 

80 

— 

— 

10.6 

26.2 

2.32 
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TABLE VI 
Values for factor B 


Deoalin Heptane 


Temp. *C 

flxl0“ 


Temp. ‘’C 

5x104 

0 

2.00 


6.6 

1.44 

10 

1.98 


13.6 

1.45 

14 

2.00 


21.7 

1.46 

20 

2.13 


30.3 

1,46 

27 

1.98 


38.3 

1.46 

36 

1.96 


47.3 

1.46 

45 

2.20 


65.0 

1.46 

65 

1.93 


62.0 

1.46 

66 

1.83 


70.1 

1.46 




77.1 

1.46 




85.6 

1.44 


Experimental observations 

hN/V 


Methyl alcohol 

8.7xl0-« 

10-® 


Ethyl alcohol 

4.6X10-® 

6.9X10-® 



The values show a somewhat reasonable agreement in the two cases, and 
not as so in decalin. 

Further, it may be seen for all the five solutions examined that the values 
of B are very much greater than A ; thus, although Hj is equal to approximately 
molecular jumps over the potential energy barrier in viscous flow are accom- 
plished more readily than those associated with dipole rotation. 

Lastly, it may be mentioned that the suggestion put forth by Eyring for the 
possible separation of into internal energy change (Aif) and entropy change 
(A/S) has not been discussed in the present investigation, since this procedure 
will sometimes lead to false deductions concerning their magnitudes, especially 
when h (^J27 t > KT, aa pointed out by Pelzer (1946) and when the entropy varies 
rapidly with temperature (Saxton 1946). 
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8, SOFT X-RAY EMISSION SPECTROSCOPY OF GRAPHITE 
AND THE SUGGESTION OF A SUITABLE BRILLOUIN 
ZONE FOR IT. 

AJIT KUMAR DUTTA 


Dkpaktment or Magnetism, Indian Association ron the Cultivation or Science, 

Oalcutta-32 


Throe different Bnllouin zones for graphite have, from time to time, been 
proposed by different workers (Ganguli and Krishnan, 1941; Wall ace, 1947 j 
Dutta, 1957) the details of which are given in the table below. 


No. of electrons 
that can bo 
ooiitamed in tho 
Brillouin 
zone 

Boundary 

pianos 

Structure 
factor for the 
boundary 
planes 

Value of K, the 
reciprocal lattice 
vector lor the 
boundary 
planes in 

10“ om-i 

Fermi energy 
calculated accord- 
ing to the simple 
Sommerfeld 
foiniula in 
electron volts 

1 

1 

ilo, 0 ] 

1 

] .47 

8.4 


1 

000, 2 ^ 

4 

0 92 


3 


pTl, 0 j 

4 

2.55 

17 6 



[ooo, 2 J 

4 

0.92 


4 


p20, 0 j 

1 

2.96 

22 



[OOO, 2 J 

4 

0.92 



It is well known that soft X-ray emission spectrum can furnish direct evidences 
regarding the baud structure of solids and an attempt is made here to utilise the 
available data to decide the proper Brillouin zone in graphite. The variation 
on N(E), the density of state with E, the energy within a Brillouin zone has been 
obtained in the case of graphite from its soft X-ray specjtroscopy by Skinner 
(1940) and is repersented in the adjoining graph. The nature of variation 
of N(E) with E is obviously that of a semimetal (Wilson, 1954) — the first peak 
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from the left hand side indicating the touching of a set of Brillouin zone bounda- 
ries which, in view of the kink following, has evidently been overlapped ; the 
second peak indicating the maximum energy up to which the levels are filled 
under the normal state of the lattice as well as the contiguity of another set of 
bounding planes of Brillouin zone. The value then falls rather sharply, the 
absorption edge lying near about the lowest point of this curve. The total band 
width is therefore about 24 i 3 ev. From the above, the essential requirements 
of the iwopor Brillouin zone of graphite are : (i) it should be bounded by two 

independent sets of planes, one such set being overlapped; (ii) band width between 



Fig. 1. — Intonaity distribution of the soft X-ray omission speci-ra of graphite. ^ 

I(1S) — intensity in nmnbers of quanta per second of radiatitfn in the emitted 
band m the unit range of quantum energy . 

V = absolute energy of transition 
E = energy in electron volts (± 3). 

one set of planes should be much greater than that between the other set; (iii) 
the total band width should be about 24 ± 3 ov. On a reference to the table 
above it is evident that the one electron zone satisfies the requirements (i) and 
(ii), the three electron zone satisfies only (ii) and the four electron zone satisfies 
all the three conditions. Therefore, the four electron zone may now be considered 
to be the most suitable one for graphite. This acceptance of the four electron 
zone for graphite is further supported by the following essential considerations : 

(1) It can be shown from a consideration of the nature of variation of N{E) 
with Ef the peculiar crystal structure of graphite and the electronic specific heat 
of graphite that 16 ev representing the position of the first peak from the left 
hand side correspond to a iT-value equal to that for the (250, 0) planes. The 
band width between the kink and the absorption edge can also be shown to corres- 
pond to a if- value equal to that for the (000, 2) planes. 
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(2) The existence of tt- and cr- electron interaction in the C-C bond formation 
in graphite which is also a necessary requirement of the acceptance of the 
4-electron Brillouin zone has been proved amongst others by Coulson (1951 and 
1952), Altman (1952) and others (March, 1952), Pariser (1953), Niira (1952), Davies, 
Hirschfelder and others (1965). 

The details of these discussions have been dealt with in a separate paper 
and is in course of publication elsewhere. 
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BOOK REVIEW 


Geometiiioat. and physical Optics— E. S. Longhurst. Pp. i-xvi+534. Long- 
mans, Green and Co., London. 1957. Price 60 shillings net. < 

This is a text book intended primarily for students reading for the honours 
degree in physics, but some of the topics have been dealt with so elaborately 
as to make them useful to postgraduate students. Examples of such topics 
are : Multiple beam interferometry, Huygens’ principle and the scalar theory 
of diffraction, Fraunhofer diffraction patterns, Monocliromatio aberrations, 
the Electromagnetic theory of light, Reflection and refraction of waves, Propa- 
gation of light in crystals and the Velocity of light, discussed in Chapters IX, 
X, XI, XV, XIX, XXI, XXII and XXIV respectively. In fact, it was flrmerly 
difficult for the students to prepare for the complete course with the hem of a 
single text book chosen from those published previously without consulting 
other books on interferometry and electromagnetic theory of light, but m the 
book under review this deficiency has been removed to a large extent. \ 

The special feature of tins book is the abundant use of neat and beautiful 
diagrams. Further, the author seems to have spent a little thought over making 
each of these diagrams instructive and self-explanatory. The large number of 
interference and diffraction patterns reproduced in Plates I-III (p. 16) seem to 
have been taken from now photographs. The images in optical instruments 
reproduced in Plato IV are highly instructive and have bearing on advanced 
theories of foi’inatioii of images in different instruments under different conditions. 

The author has scrupulously avoided any discussion on atomic spectra 
probably on the ground that such topics would be out of place in a text book on 
geometrical and physical optics 8o, students desirous of procuring some 
elementary knowledge in spectroscopy will have to consult some other suitable 
books, but as a text book on geometrical and physical optics this book will be 
immensely useful to students preparing for the B.Sc. (Hons.) and M.Sc. degrees 
of any Indian University. The get-up is excellent and the price is consistent 
with the volume and the quality of the printed matter. 

s. c. s. 
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THE EMISSION SPECTRUM OF CHLORINE (CIJ) 

P. B. V. HAEANATH and P. TIRUVENGANNA RAO 

Pnyeics Depahtmbnt, Andhra. University, Waltair 
{RBcaived jfo^ publication, July 18, 1958) 

Plate X 

ABSTRACT, 'flie emission spectrum of ohlorino as excited in a high frequency 
discharge from a 100 watt osnillator, is photographed in the visible region on Fuess and 
Hilgor glass Littrov' apoctrngraphs. Photographs of the aiiectra reveal many more new 
bands, especially on tlio longer wavelength side. Now vibrational analysis for these bands 
has been proiiosod. Most of the bands have boon arranged into three systems designated 
as Systems I, II, 111, having the vibrational Irequoncios of the upper and lowei' states 
approximately in the ratio of 1 : 2. The lollowing vibrational constants are derived. 



V6 

«6' 

Xp/ue 

Ue" 


System — 1 

20448.0 

350,0 

2.0 

656 0 

4.6 

System — II 

207;U1.0 

37.5. U 

2.6 

656.0 

4.7 

System — III 

20569.0 

347.5 

2.0 

655.0 

0.5 


The occurrence of a fourth system consisting of the remaining unclassified bands is also 
suggested. From the equality oi tlie vibrational con.stani.s of the lower statoH ol Systems— I 
and IL, it is concluded that they have a common lower level. The vibrational analysis ol 
those emission bands is well suppoitod by the obsorvod cliloiine isotope offecit. 


INTRODUCTION 

111 addition to its atomic line spectrum, chlorine has long since been known 
to emit a larger iiumbeT' of red degradetl bands extending from A6400 to A3400, 
Ota and Uohida (1928) were tho first to arrange them tentatively into throe 
systems on the basis of their measurements of these emission bauds. Later, 
Elliot and Cameron (to bo referred to as EC) (J937) considered that some of tho 
progressions in tlie vibrational schemes of Ota and LJchida are not genuine for 
want of sufficient accuracy in their measurement of band heads. Those latf-er 
authors reinvestigated the spectrum under improved experimental conditions 
of excitation and were able to get more accurate moasureinents of band heads. 
They proposed tho analysis of the bands as belonging to two sub-systems t and 
II having a common lower state, probably the ground state of the molecule. 
They suggested that the transition involved is, in all probability, a^n—^II, from 
a rotational analysis of some of the bands belonging to both the systems. They 
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further claim that although their vibrational schemes are rather meagre, their 
vibrational assignments are well supported by the observed chlorine isotope 
effect and also from the rotational analysis of some of the bands. Because of 
the large number of unclassified bands in the spectrum, they, however, did not 
rule out the possibility of a quartet system arising from the transition ^A— ^A. 

However, there are certain inconsistencies in EC’s analysis of these emis- 
sion bands, some of which have been pointed out by Howell (1963). 

(a) The intensity distribution of the bands in each of the systems is inconsis- 
tent with the values of and as derived from the analysis. Further, largo 
number of gaps in the vibrational arrays suggest a fundamental weakness in 
their schemes. Also a largo number of bands remain unclassified. 

(b) The value of the energy of dissociation of the ground state common to 
both the systems, derived from the Birge Sponer extrapolation method, is 
obtained as 4.4 ev. as against 2 23 ov, indirectly obtained from the vulucs of 
the ionisation potentials I of Cl and Clg and the dissociatioii energy fj\of Cia- 
Because the ionisation potentials of Cl and Cl.^ and the dissociation energy of 
Clg are now well established and known to be extremely reliable, Howell con- 
siders that the above discrepancy should rather be attributed to the incorrectness 
of the analysis of the bands proposed by EC. 

(c) The derived values of and from EC’s analysis are not consistent 
with each other. For different band systems of a molecule, the ratio BJoig should 
bo approximately constant. For the neutral halogen molecules the ratio 

is found to bo constant. From the derived values of Bg and*6)e of the iipjjer 
and lower states, it can be seen that the constancy of the ratio iV/t^e badly. 

On the basis of electron configurations and predicted term types for Clg^, 
(Mulliken, 1934), the ground state electron configuration of CJ-t g is now accepted 
as 


(tT+U-, CTyf (ttH TT, 7r„)^ (tT-TT, TTyf (1) 

The first two excited electron configurations are respectively 

V w ... (2) 

and 

%+ - ... (3) 

As can be seen from the configurations (2) and (3) an electron goes from a bonding 
orbital to an antibonding orbital. This means that the vibrational frequency 
of these excited states should be considerably reduced relative to that of the 
ground state. The derived oig' and values from EC’s analysis are in dis- 
agreement with the above theoretical prediction. Further, according to the 
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vibrational analysis proposed by the authors (1955) for similar bands in the case 
of bromine, the vibrational frequency of the upper state of both the systems are 
considerably lowered relative to the vibrational frequency of the ground state 
viz., (cofl" = 376 common to both the systems, 0 ^' = 190 and 152 for systems I 
and II). 

In view of the above discrepancies in the 15C’s anal^^sis of the emission bands 
of CI 2 +, and also tho results of our investigation on similar emission bands in 
the case of bromine molecule, it is thought desirable to reinvestigate the visible 
emission band spectrum of chlorine. The experimental results and the details 
of the vibrational analysis arc described in tho following pages. A preliminary 
report of the details of the analysis has already ax)peared in Current Science 
(1956). 


EXPERIMENTAL 

In the present work the spectrum of Ol^-^ is excited, as in tho case of bromine, 
in an electrodeless discharge from a high frequency high power oscillator of 
10 Mcs. frequency and about 150 watt output power. The discharge tube made 
of pyrex glass of length 30 cm. and diameter 18 cm. has two side tubes along 
its length which (icjiitain small quantities of cupric chloride. One end of the 
tube is cemented with a glass or quartz window by means of shellac, while the 
other end is drawn into an adopter for connecting to a system of high vacuum 
pumps through a liquid air trap. Chlorine is generated by electrical heating 
of cuxjric chloride contained in the side tubes of the discharge tube. An Edwards 
Spcodivac oil diffusion imnq) ot single stage backed by a Cenco Hyvac jiump 
j)rovidos a system to maintain chlorine at low luessures in tho discharge tube. 
The pressure is also regulated by adjusting the current in the circuit of the heating 
coil. The current is so adjusted that a bluish emission free from any traces of 
usual impurities is observed in tho discharge column. 

Hilgcr three prism glass Littrow and Fuess spectrographs are used to photo- 
graph the spoctra on Ilford Special Rajiid Panchromatic plates. About four 
to five hours on the Littrow instrument, and one and a half to two hours on the 
latter instrument are found necessary to give rise to intense spectra. Tho spectra 
recorded on the Littrow spectrograph reveal, owing to the high dispersion, an 
open rotational structure of the bands. For the vibrational analysis of the 
bands, measurements of band heads are taken on plates recorded on Fuess 
instrument having a smaller dispersion. Measurements of band heads are taken 
on a good number of plates and it is found that they agree within one cm-^. 

R EBUL T S 

Table I records the band head data and their quantum assignment in the 
different systems. The isotopes of the neighbouring bands are marked by the 
letter (i) in tho assignment columns. 
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TABLE I 


Aiitliors 

Wiivo- 

length 

Wave- 

number 

E C 

Wavo- 

uimiber 

Int. 

System 1 
v\ v" 

Assignment 
System II 
v', v" 

System III 
v', v" 

0434.3 

15637 


1 




0410.] 

15596 


1 




0402 8 

15614 


1 




0366.3 

16703 


1 




6344.0 

15759 


1 




633D.2 

16780 


1 




0323.0 

15809 


2 

3, 0 



6281.2 

15916 


2 




6267.0 

16662 


2 




6264.9 

16983 


2 




0244.7 

10009 


2 




0230.6 

16046 


2 




0219.4 

16074 


2 



1 

0210.2 

16098 


3 




0201.9 

16120 


3 




0192.8 

16143 


3 

4, 9 


\ 

617] .8 

10198 


2 

1 


\ 

6149.2 

10258 


3 



\ 

0094.4 

16404 


3 



\ 

0070.0 

16470 


3 

5. 9 



6061 . 8 

10619 


1 

i 



6036.0 

10503 


2 




6026.6 

16688 


4 




6019.9 

16607 


4 



3, 8 

6013.6 

16624 


4 

2, 7 



6003.6 

16654 


4 




5995.6 

16674 


4 

i 


j 

5981.1 

16716 


4 

4, 8 



5964.4 

16761 


4 

i 



5945.0 

16816 


4 




6934.4 

16863 


4 




6906.2 

16929 


3 




5894.6 

16960 


3 

3, 7 



5866 0 

17046 


5 

5, 8 



5850.8 

17087 


3 

i 



5821.9 

17172 


4 



3, 7 

6805.6 

17220 


3 

2, 6 


i 

5793.8 

17268 


3 

i 



6779.8 

17297 


4 

4, 7 



6767.1 

17336 


3 

i 



6760.2 

17386 


2 




6738.0 

17423 


2 




6720.8 

17475 


4 




5706.0 

17621 


4 




6693.7 

17668 


6 

3, 6 



5682. 2 

17694 


4 

i 



6676.7 

17611 


2 




5670.6 

17630 


4 

6, 7 



5664.2 

17681 


4 




5645.3 

17709 


3 
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Wavo- 

lougth 

Aiitlioi a 

Wtwe- 

iiuirtber 

EC 

Wavo- 

muiibor 

Ini 

System J 
v', i)" 

Aa«iigfimoiii 
System It 
v', v" 

System 111 

v\ v" 

5632 6 

17749 


2 



3, 0 

561G.0 

17799 


2 




5mi.2 

1 7829 


2 




6603.8 

17840 


3 


0, 8 


6687.0 

17894 


3 

4, 6 



r>682 . 6 

17908 


4 




6677 4 

1 7924 


1 

i 



6546.4 

18028 


2 




6638.4 

18061 


3 




6619.1 

18114 


4 




6603 9 

18164 


4 



6, 7 

6494.2 

1 81 90 


2 



1 

6479 4 

18246 


4 




6469 . 6 

18278 


3 

7, 7 



6460 9 

18307 


- 

1 



6442.7 

18368 


2 




6432 9 

18401 

18401 4 

4 



5, 6 

6423 . 7 

18432 

18431 9 

4 



] 

6396 9 

18624 

18522 0 

6 






18641 .8 





6389 6 

1 8649 

18640 9 

6 

(). 6 



6382.6 

18573 


;; 

1 



6375.5 

18698 

18698.2 

3 

8. 7 



6368.0 

18624 


2 




6349.2 

18689 


2 




6337.4 

1 8730 


2 




63.30 8 

18764 


3 




6324 6 

18775 

18777 3 

3 




5318.6 

18797 


3 




6314.3 

1H8J2 


2 




5310.1 

18827 


4 

5, 5 

9, S 


6305 0 

18845 


3 

i 



6302 3 

18864 

18858.0 

3 


1 


6297.4 

18872 

18873.4 

6 

7, 6 



5291 4 

16893 



i 



6264.6 

18990 


6 



5, 5 

6259 . 0 

19010 


4 


G, 6 

i 

6266 3 

19023 

19024.3 

2 




6244.6 

19062 

19061.2 

2 




5238.4 

19084 


2 


8, 7 


5230.6 

19113 


4 




5223 . 7 

19138 

19137.9 

4 




5219 4 

19164 

19152.8 

4 

6, 5 ’ 

10, 8 


5212.0 

19181 

19182.0 

3 




6209.1 

19102 

19192.6 

3 

8, 0 



6202 4 

19217 


3 




5189 3 

19266 


3 



'4, 4 

6184.2 

19284 


3 



1 

6176.6 

10316 

19311.8 

4 



6, 6 

6171.0 

19333 


4 



1 



406 

P. B. V. 

Haranath and P. Tiruvenganna Rao 

TABLE 1 (contcl.) 

Authorfi 

E c 


AHHignment 

Wave- 

Wavo- 

Wavo- 

Tnt. 

(System T System IT System ITT 

length 

niinibor 

nnml^jr 


v', v" i;', V*' v\ v" 

6107.9 

19346 

19349.4 

3 

1, 6 

5163.3 

19362 

19368 1 

3 

i 

6160 5 

19380 

19380.0 

3 


6163-7 

19398 

19396.5 

3 


6160.0 

19412 


4 

9, 7 

6U5.7 

19428 


2 

i 

61.36.4 

19463 

19463 1 

3 


61.32.6 

19478 

19479.7 

4 

7, 6 

6126.0 

19503 

19500 4 

3 


6121.1 

1 9622 

19518 3 

3 


6102 4 

1 9693 


2 

5. 4 

6099 3 

1 9606 


1 

/ ’ 

6094.0 

19622 

19624.0 

2 


6()S0 8 

1 9676 

19670 1 

7 

8, 6 

6077 1 

J9691 

19691 8 

4 

\ 

5071 3 

19713 


3 

\ 

6006 4 

19730 


4 

10, 7 \ 

5059.8 

19768 

19758.H 

6 

\ 

6049 0 

19798 

19800 3 

2 

8, 6 



19816 0 



602.3 4 

19901 

19903 2 

4 


6020.1 

19914 

19913 3 

6 


5010 6 

19962 


2 

0, 4 

6005.4 

19973 

19972.0 

2 


5002 8 

19983 

19983.6 

4 

j 

4997 . 8 

20003 


1 

9,. 6 ' 

4977 9 

20083 

2()0H:{ . 0 

4 


4969.5 

201 1 7 

20118.4 

2 

0, 6 

4940 7 

20234 

20228.2 

4 

7. 4 

4924.6 

20301 

20300.1 

5 


4918.1 

20327 

20323 8 

2 

10, 6 

4903.1) 

20380 

20383 6 

3 


4897 2 

20414 

20416.0 

4 

8,4 

4882.6 

20476 


2 


4870 6 

20626 

20624 1 

6 

0, 3 

4862 5 

20002 

20596 6 

6 

9, 6 

4837.3 

20667 

20668 2 

5 


4826.3 

20714 

20711.3 

5 

7, 3 

4822.5 

20730 


2 

9, 4 

4818.3 

20748 


2 


4799.4 

20830 

20828 0 

6 


4795.0 

20849 

20862.3 

8 

7,3 

4786.7 

20886 

20886.6 

4 


4777 2 

20927 

20927.2 

6 

10, 6 

4704.2 

20984 


4 


4751 .0 

21041 

21041.7 

8 

10, 4 

4732.4 

21125 

21121.6 

7 


4726.2 

21153 


7 

6, 2 
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TABLE I (contd.) 


Authors 

Wavo- Wave- 
length number 

E C 

Wave- 

number 

Tut. 

System 1 
v\ v" 

Assignment 
System TI 
v', ts" 

System III 
v\ v" 

4723.9 

21163 

21161 1 

4 




4716.2 

21202 

21201.5 

7 




4711.0 

21221 

21222.0 

5 




4705.4 

21240 


3 


11, 6 


4684.7 

21340 

21339 7 

6 

1 



4682.6 

21349 

21349.8 

8 

11, 4 



4677.1 

21375 


3 




4655.1 

21476 

21476.3 

8 



7, 2 

4646.6 

21615 

21613 6 

2 




4637.2 

21659 

21659.1 

3 


12, 5 


4610.3 

21650 

21059.0 

0 

1 



4013.6 

21669 

21668.7 

0 

10, 3 



4692.1 

21770 


2 



1 

4589 1 

21 785 

21,783.0 

4 



8, 2 

4679 . 4 

21831 

21831.5 

5 




4671 a 

21809 

21872 2 





4652.6 

21 969 

219.59 0 

7 

, 



4549 1 

21976 

21976 4 

8 

11,3 



4521 1 

22112 

221 11. 6 

4 




4609.7 

22168 

22108 6 

0 




4500 2 

22185 

22180 2 

6 




4401.3 

22269 

22200.:! 

4 

1 



4487.0 

22280 

22277 3 

6 

12, 3 i 



4482.8 

22301 

22301. 0 

2 

10,2 



4465 1 

' 22390 


3 



10, 2 

4462 8 

22401 

22402 7 

2 




4469.2 

22419 


2 




4447.9 

22476 


3 




4442 4 

22504 

22504 5 

5 




4437.6 

22528 

22529 3 

3 




4433.7 

22548 


3 




4420 7 

22584 

22685 7 

4 

1 



4421 5 

22010 

22009 3 

5 

11.2 



4410 4 

22067 

22671.5 

4 



i 

4405 4 

22694 

22690.3 

6 



11. 2 

4399.6 

22724 


2 




4385.0 

22796 

22793 0 

3 




4381 2 

22818 

22819 7 

3 




4371 3 

22870 


3 




4368 2 

22886 

22886,0 

2 

* 



4363.0 

22914 

22912.7 

3 

12. 2 



4358.9 

22936 


2 




4353.9 

22061 

22961.2 

6 



i 

4348.5 

22990 

22900.0 

3 



12, 2 

4341.3 

23028 


1 




4334 3 

23065 


2 


I 


4330.0 

23085 


3 


13, 3 

. 

4322.2 

23130 

23130.3 

3 

1 



4316 2 

23162 

23163.4 

5 

15, 3 



4309.0 

23200 

23200 9 

3 






23264.9 
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TABLE 1 (oonkl.) 


Wiivo- 

lenptli 

Aiitliors 

Wttve- 

luinibor 

E C 
Wiive- 
n umber 

Int, 

System I 
v', v" 

Assigninentoa 
System II 
v\ v" 

4291 , 5 

23295 

23295.5 

3 



4285.6 

23327 

23327.4 

4 



4278.2 

23368 


3 



4273 0 

23396 


3 



4264.1 

23446 

23444.7 

2 



4259.5 

23470 

23474.0 

2 

i 


4252.9 

23507 

23500 9 

4 

14, 2 


4238.0 

23586 

23586 6 

3 



4231.7 

23624 

23624.2 

4 



4207.4 

23761 

23702.0 

2 



420J .6 

23794 

23797,2 

6 

1 


4194.4 

23835 

23833.3 

6 

13, 1 


4185 4 

23886 

23887 8 

4 



4178 7 

23925 

23925.2 

5 



4177 6 

23930 


3 


i 

4171 7 

23964 

2:i904.4 

4 


10, 3 

4148 3 

24100 

24102 3 

5 

j 


4140.5 

24145 

24147.3 

6 

14, ] 


4127 6 

24220 

2421 5. 2 

4 



4119.8 

24266 

24266 9 

6 


1 

4112.7 

24308 

24308 7 

5 


16, 2 

4107.5 

24339 


2 



4091 . 3 

24435 

24425 4 

3 

j 


4083 3 

24485 

24484 K 

4 

1 3, 0 


4078 . 3 

24513 


2 


• 

4071 6 

24553 

21.551.7 

4 



4070.1 

24562 


3 



4064 4 

24597 

24.596.9 

5 


16, 2 

4041.7 

24735 

247.‘)5.1 

4 

1 


4033.0 

24788 

24788.3 

5 

14, 0 

* 

4024.2 

24843 


2 



4015.1 

24899 

24896 0 

3 


i 

4007 . 2 

24948 

24948 1 

3 


15, 1 

3979 7 

25120 

25122.0 

3 



3969.8 

25183 

25180.3 

4 


1 

3961.6 

25236 

25236.2 

6 


10, ] 

3940.5 

25370 

26365.4 

4 


i 

3932.0 

26425 

25426.3 

6 


19, 2 

3926 3 

25462 


4 


1 

3917.7 

26518 

25520.5 

5 


17. 1 

3890.0 

25700 

25699.8 

4 



3881 .3 

26757 

26767.3 

5 



3871 . 7 

25821 

25819.9 

4 


i 

3802.6 

26682 

25S82.4 

5 


16, 0 

3829.7 

26104 


4 


i 

3820.7 

20166 


6 


17, 0 


System III 
v\ v* 


11 , 1 


12 , 1 



1 


12, 0 


13, 0 



TABLE II 

Vibrational scheme for System I 
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2 


24485 650 23S35 
303 310 

24788 643 24145 638 23507 



TABLE in 

Vibrational scheme for System II 
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26166 * 648 25518 



TABLE IV 

Vibrational scheme for System III 
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A'ofe. Bands marked with are newly obtained in the present work. 

The places marked (X) are superposed by atomic lines. 
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Photographs of the spectra of CI +2 recorded on Fuess instrument are re- 
produced in Plato X. The spectrum extends from A 6500 to A 3400. All the 
bands are clearly red degraded. However, owing to the fall in intensity of the 
bands below A 3800, they are not shown in the plate. The plate reveals a large 
number of additional bands, especially in the longer wavelength region of the 
spectrunj which are not reported by EC. The bands which are bracketted in 
the plate are the isotope components belonging to the various systems. 

VIP RATIONAL ANALYSIS 

In the present investigations on the emission spectrum of chlorine, many 
more new bands especially in the region above A 5200, and some additional bands 
in the central region of the spectrum have been obtained. This can be seen 
in Table I in which the measurements by authors ar .ven in column (|ne, while 
ill column two those reported by EC are given for comparison. In viwv of this 
additional data obtained by the authors, it is considered worthwhile to\attempt 
to analyse the bands in the light of the above predictions that were discussed 
for Cl'^g. After a number of attempts, the following analysis seems lo be a 
plausible one for the visible emission bands of Cl+a- 

A prominent feature of the band spectrum is the presence of double headed 
bands especially on the short wave length side and in the central region. EC 
have indentifiod most of these double headed bands as due to the isotopic mole- 
cules (CP® CP®)+, (CP®CP'^)', from intensity considerations and also from a 
detailed study of the rotational analysis of some of the bands. The ideiitifica- 
tion of these double heads as due to isotopes by EC is considered reliable. 

With the ratio of the vibrational frequencies m'g and being roughly 1 12, 
most of the bands could be arranged into three different systems designated 
hero as Systems I, II, and III respectively. The location of the system origins 
and the assignments of the vibrational quantum numbers are made on the basis 
of the observed isotope separations in each case. 

System 1 

System I consists of prominent double headed bands reported by EC. A 
few additional bands marked with * in its vibrational scheme, displayed in 
Table II are also found to belong to the same system. About 70 bands including 
isotopes are assigned to this system. 

System II 

The vibrational analysis of this system is presented in Table III. About 
half of the bands assigned in this scheme are those that are newly recorded in 
the present emission plates. About 50 bands including isotopic heads are assigned 
to this system, 
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Fig. 3. System III 


System JII 

The analysis of this system as shown in Table IV contains half of the bands 
that are newly recorded. About 50 bands including the isotopic components 
are found to belong to this system. 

If linear curves are drawn by plotting the usual A(7(v)— v values, the follow- 
ing vibrational constants for the above throe systems, have been derived. The 
^Q{v)—v curves are shown in figures 1 , 2 and 3 for the three systems resi>ectively. 


Vibrational constants 



Ve 

«6' 

ire (.)<. 



System 1 

2044S.0 

350.0 

2.0 

656.0 

4 6 

System 11 

20736.0 

375.0 

2.6 

656.0 

4.7 

System III 

20569.0 

347.5 

2.0 

655.0 

5.5 


In addition to the bands assigned to the above throe systems, there are 
some bands lying above A 4400 and extending up to A 6500 which could not be 
fitted into any one of these vibrational schemes. A recurring wave number 
interval of about 640 cm~^ among these bands suggests the possibihty of yet 
another system in this region. No analysis could be presented for this system 
as its development is inadequate. 
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TABLE V 

leolopc effect of oliIorLiie 


(Cl35Cl»B)' (C1JIBC137)' ((na'^Cf^s)' (C1«HC1-'T)^ 

v' v*' Calculated Observed Calculated Observed 




Separation Sepaiation 



Separation 

Separation 



SYSTEM 1 


17, 

1 

64.7 

56 

14, 

0 

63.2 

53 

16, 

1 

52.0 

63 

CJ, 

0 

49-0 

50 

15, 

1 

49 1 

49 

14, 

1 

44.6 

45 

10, 

2 

53.4 

55 

13, 

1 

41.8 

41 

16, 

2 

43.6 

44 

14, 

2 

36.2 

37 

15, 

2 

40.7 

42 

12, 

2 

20 6 

28 

16, 

3 

35 4 

34 

11, 

2 

26 1 

26 

6, 

6 

14 5 

16 

10, 

2 

22.6 

21 

7, 

6 

18.4 

17 

lii, 

3 

21.3 

21 

9, 

7 

17 8 

16 

11, 

3 

17.0 

17 

9, 

8 

24,7 

27 

10, 

3 

14.4 

13 



SYSTEM III 


11, 

4 

0 9 

9 

13, 

0 

49.5 

49 

6, 

5 

20.4 

18 

12, 

0 

46 2 

46 

7, 

6 

20.0 

21 

13, 

1 

40.9 

39 

0, 

6 

23.0 

24 

12, 

1 

37.6 

38 

4, 

0 

33.0 

30 

11, 

1 

34.2 

32 

3. 

6 

36.2 

36 

12, 

2 

29.3 

29 

2, 

6 

40.5 

38 

11, 

2 

25.9 

27 

7, 

7 

27 2 

20 

10, 

2 

22 4 


4, 

7 

39.2 

38 

8, 

2 

16 0 

16 

o 

7 

47.7 

60 

7, 

2 

11.2 

■H 

6, 

8 

42.0 

41 

5, 

4 

12.6 

13 

4, 

8 

46.1 

46 

5, 

5 

20.1 

20 

5, 

0 

48.7 

49 

6, 

5 

16.1 

17 

4, 

, 0 

52.8 

65 

5, 

0 

27.3 

27 



SYSTEM 

II 

6, 

7 

30.1 

32 

17 

, 0 

63.3 

62 

3, 

7 

44.0 

*48 

16 

, 0 

CO. 6 

61 

3, 

8 

49.2 

47 


Noic\ The places marked (*) are superposed by atomic lines. 
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BEM ABKS 

The following points which arise from the vibrational analysis of the emission 
sjiectrum of 01^+ are in accordance with the theoretical predictions for Cl 2 '^. 

The intensity distribution in each of the above analysed systems is of an 
open Frauck-Condon parabola type, that could be normally expected when the 
two frequencies a/ and co/' are approximately in the ratio of 1 : 2. 

From the equality of the vibrational constants of the lower states of 
systems T and TT, it may be concluded that the two systems, as in the case of 
bromine, may have a common lower state, which is most probably the normal 
state of the molecule Clj^. Using Birge Sponer extrapolation method, the disso- 
ciation energy oi the ground state is obtained as 2.8 e.v. This value, although 
an approximate one, comes nearer the indirectly determined value 2.23 ev. 
for the ground state of CI 2 +. 

As shown in Table V the observed isotope separations agree cloiely with 
those calculated from the formula for a large number of bands in all t\ie three 
systems. 


=== (p_l)[ca>'-f l/2)-0"+]/2)] 

l/2)2-a;/'co;'(?r+ 1 /2)2] 

V* is the wavenumber of the band head due to the less abundant molecule 
(CF® CF’')+, the more abimdant molecule being (OF® CF®)+. For bands for 
which V > Vg the interval v' — v is negative and ft)r those for which v < the 
interval is positive. For the sake of convenience, the positive and negative 
signs are omitted in Table V. Beesause of the presence of four overlapping 
systems in the same region, a few of the isotope components of the bands belong- 
ing to one system coincide in position with those of the main bands belonging 
to one of the other systems. 

If the emission bands of bromine reported earlier by the author are regarded 
as due to Br^^, a value of ti)a"(Br 2 +)/c.)p"(Br 2 ) is obtained as 1.16. This is found 
to be equal to the ratio the systems. 

For the halogens the ratio is found to bo approximately a constant 

for a pair of electronic states belonging to a system. Using the values of rota- 
tional constants B' and B" obtained by EO it is found that the values of to 

be approximately constant for each of the above systems. 

The rotational constants B^' and B/ derived by EC from the combination 
relations are utilised by the authors to check the quantum assignments of band 
heads in the thi-ee systems. It is found that in ea(;h of these present systems, 
bands belonging to the same vibrational level (upper or lower) have the same 
values of By or By' respectively. This feature is shown in Table VI. 
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TABLE VI 

Rotational constants 


Band head 

Assignment 



Previous 

assignment 



SYSTSJM — I 



21669* 

10, 3 

0.1753 

0 2658 

4, 2 (1) 

21042* 

10, 4 

0.1770 

0.2665 

4, 3 (I) 

21976 

11, 3 

0.1736 

0.2050 

6. 2 (11) 

21350 

11, 4 

0.1733 

0.263.5 

5, 3 (11) 



SYSTEM — 11 



24948 

16, 1 

0.1645 

0.2G88 

8. 0 (I) 

26236* 

16, 1 

0.1668 

0.2688 

9. 0(11) 

24308 

16, 2 

0.1640 

0.2660 

8.1 (I) 

24697 

16, 2 

0.1660 

0.2668 

9, 1 (I) 

26882* 

16, 0 

0.1616 

0.2693 

10. 0 (1) 

20106* 

17, 0 

0.1598 

0.2663 

11. 0(11) 



SYSTEM — 



23327 

11, 1 

0.1693 

0.2668 

6, 1 (I) 

23624 

23924 

12, 1 

13, 1 

0.1695 

0.1668 

0 . 2665 
0.2669 

7, 1 (II) 
Unclassified 

21470* 

7, 2 

0.1768 

0 2640 

Unclassified 

22693 

11, 2 

0.1605 

0.2656 

6, 2 (I) 

22990 

12, 2 

0.1698 

0.2660 

7, 2 (II) 


The rotational constants for the bands marked witli (*) are not accurate us was 
reported by EC. 
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DETERMINATION OF THE BETA RAY ENERGY 
SPECTRUM FROM THE ABSORPTION 
CURVES OF BETA RAYS 

N. K. SAHA AMD K. L. KAILA 

Department op Puysios, University or Delhi, Delhi- 8 
{liecemd for puhlicalionf July 14, 1958) 

ABSTRACT. An attemxii is made to calculate the energy-distribution of the /J-ray 
fijioctrum of RaE starting from the observed absorption curve of these /i-rays. The absorp- 
tion law of homogeneous ^-niys, required as the basis of this calculation, is obtained here 
by a ngoiouH curvy fitting oi' the existing data. Further, Katz and Ponfold’s (K.P.) reniarkablo 
range-energy relation for fi-mys is utilised, which seems to avoid most of the limitations of 
the earlier relations Somewhat improved results compaiod to previous workers’ are obtained 
in the piosont work, but still some divergence with the resuil<s oi magnetic spectrograpq lemains. 
Possible causes of the diveigenco are discussed. 

1. INTRODUCTION 

8ido by Hide with tho elaborate standard methods of fi-ray spectrometry, 
(e.g., tho methods of magnetic focussing, scintillation and proportional counters 
etc,), the method of measuring the total intensity of transmitted beta -rays 
through various thicknesses of aluminium absorbers (the absorption method) 
may be oonsidoretl as a simpler alternative. This method has been widely used 
in early days for quick and fairly acinirato dotornii nation of the ond-pouils of 
yy-ray spectra In spite of its inherent defects, the simplicity of the absorption 
method and the much weaker beta-ray source that it needs comparetl to the 
standard methods, make it wortliwJiile to investigate whether the absorption 
method can be usefully extended to the dotermuiaiion of the energy spectrum 
of the continuous beta-rays. The problem, as we shall sec presently, resolves 
essentially to the analysis of the mechanism of absorption of homogeneous beta- 
rays in a material and tho effect of simultaneous absorption of a large number 
of such homogeneous groups present in tho whole spectrum. Attempts have 
been made by Dass Gupta and Chaudhury (1948), Evans (1950), and Schopper 
(1951) to solve this problem with varying degrees of success. A review of these 
works, however, makes it clear that the problem is not yet satisfactorily solved. 
The energy spectrum determined by tliis method does not agree well with the 
results of the magnetic spectrometer. The purpose of the present work is to 
make a fresh attempt in the line with a closer analysis of the absorption curves 
of the homogeneous beta-rays on which, theoretically, the success of the whole 
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calculation should rest. The results derived are applied to the actual calcula- 
tion of thc' KaE-^-ray energy spcotniTn which is compared with the observed 
spectrum. Some improvement is obtained over the previous posititjn. Results 
are discussed in detail in the light of the mechanism of the absorption of /f-rays. 

2. REVIEW OF EARLIER WORKS 

Let denote the function representing the absorption of the homo- 

geneous group of fi-r&ys of the oxtra-polated range 7J(gm/cm‘^) at an absorber 
thickness a;(gm/cm^) and the number of the houHigeiieous /i-rays of this 

group. Then the intensity of ytf-rays transmitted through the absorber thickness 
X and having a range lying bet ween R and R-\-dR is given by 

dl = NiR) (f>{x,R) dR ... (1) 

Consider now a certain composite /?-ray energy spectrum whose upper limit 
of range is Xq gm/cm^, i.o., at which absorber thickness the intensity of the 
/7-rays falls off to zero. The total intensity of the /7-rayB of all different ranges 
which will bo transmitted through the absorber thickness x is then given by 

E=Xo 

J N{R) <l>{x,R) dR ... (2) 

K-X 

Thus knowing the function </){x,R) and the absorption curve for the /7-ray spectrum 
giving I{x) as a function of x, the original intensity N{x) of the homogenous 
/7-rays of all ranges present at a given absorber thickness x can be determined 
by suitable solution of (2). The range distribution N{x) would easily give us 
the energy distribution N{E), provided the range energy relation is known. 

Rutherford and others (1930) made extensive studies of the absorption of 
homogenous /ff-rays in aluminium and expressed the absorption function 0 by 
the empirical relation. 

= c.{^-y+ (3) 

the constants, a, h, c, etc., are completely arbitrary and are to be adjusted to 
fit in the experimental curve. A careful study of the absorption of monochro- 
matic /fif-rays of different energies was afterwards done by Marshall and Ward 
(1937) for the two emitters RaE and TJX. It becomes clear from the curves they 
obtain that near the full absorption thickness Rtnax > amount of straggling 

effect takes place making the actual range rather uncertain. However, the 
extrapolated range measured agrees quite well with the results of previous works 
done by Schonland (1926), Varder (1916), Madgwick (1927), and Eddy (1929). 
Because of the certainty of the extrapolated range, it is generally to be preferred 
to the maximum range in all range considerations. In what follows, R stands 
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for the extrapolated range. For Ra E the various absorption curves for the consti- 
tuent homogeneous groups of ^ff-rays obtained by Marshall and Wards, when 
replotted as a function of xfR, fit well into a single common curve a, figure 1. 





Fig. 1. — The transmission function ^4 for beta-rays against xjR i (a) Replotied from 

Marshall and Wards’ oxporimenial absorption curves, (b) 0= l—xlli, (c) 0 = 1 — 
(a:/J?)a and (d) 0 = 1-1,26 (»/22)2 1-0.38 (®/i?)4. 

Dass Gupta and Choudhury (1948) were the first to attempt a calculation of 
the energy distribution of Ra E ^-rays from the absorption data by using in 
the first approximation, a linear relation, 

,/,(xlS) = 1- ... (4) 

Introducing this in oqn. (2) and solving under the limiting conditions 
0 = 1 at a: = 0 and 0 = 0 at a; = i2, one obtains the range distribution 

N{x) ■— X V{x) ... (5) 

where I" denotes the second derivative of I with resjiect to the absorber thick- 
ness X. 

A plot of the above linear relation for 0 (curve h. Fig. 1) against xjR shows, 
however, a wide divergence from the experimental curve for ^{x/R) cited above 
(curve a, Fig. 1). The evaluation of the second derivative /"(a;) from the experi- 
mental curve for I{x) also involves considerable uncertainty. The energy dis- 
tribution of the ^-rays calculated by these authoriT is, therefore, not expected 
to yield good results. 

H. D. Evans (1949) suggested an improvement in the evaluation of the deri- 
vatives I'{x) and /"(») by introducing a logarithmic function L{x) = log^ I{x), so 
that (5) takes the form 

N{x) = xI(xlU(x)+[L'{x)Y] ... (6) 
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Since as found from the experimental data, is generally small (about 10% 

to 20%) compared to {L'{x)Y, the main contributioii in (6) comes from L\x) 
which can be determined much more accurately than L"{x). Although the deriva- 
tive of J{x) was thus quite accurately evaluated by Evans, the energy distribu- 
tion of /?-rays derived by him did not show any substantial agreement with the 
yj-ray spectrometric results. Only improvement found by Evans seems to be 
that the distribution curve showed a maximum wlxich was not present in Dass 
Gupta’s result. 

Hughes et al. (1949) have obtained very similar results with ®'^Cu, ^®’Au, 
186W and radium E and compared the energy distributiojis derived from absorp- 
tion curves with magnetic spectrograph observations. They found that the 
end point energy agreed in the two methods for all cases, but the maxima of 
the calculated curves occurred at about 100 kev higher energy than the observed 
values. 

H. Schopper (1951) suggested a parabolic relation for (^{xjR) as 

4,(xjR) = 1- [if ... (7) 

This relation (curve c, Fig. 1) agrees much better with the experimental curve a, 
as compared to the linear relation (4), except for the values of xjH approaching 1. 

Using the relation (7) and solvmg the differential equation obtained, he 
arrived at the expression 

2N{x) xr{x)-r{x) ... (S) 

Also by putting L{x) — log^ I{x) according to Evans, the above equation (S) 
becomes 


2N{x) = /(a;){a:[A'2(a:)H- r/{x)]- iy{x)] . . . (9) 

In a previous woik Schoiiper showed that the intensity T{x) of the trans- 
mitted y?-rays at x cjin be represented empirically by the relation 

I{x) const {(a:o~-rc)2-H0.22(a;o~:c)l"/“ ... (10) 

where Xq is the maximum range obtained from tlie absorption curve and n is an 
exponent obtainable from a plot of the observed values of log I{x) against 
log {(iTj,— a;)2+0.22(a;o-— a:)}. By introducing (10) in eqn. (9) one obtains 

A’(£r:). const w{(a;o— a;)* f0.22(.'ro— 0.11) 

-\-n{n- 2 ){{x,~x)^-j^ 0 . 22 {x^- .a;)}" ^2-4^0 "-'*^+0.1 l)^x :.. (11) 

He further points out that the equation (11) would not be valid in the low energy 
region, since the analytical expression (10) used here suppresses the finer details 
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of the absorption curve at small absorber thicknesses. In the low energy region, 
therefore, the relation (9) is directly utilised for the calculation. 

' 3. COMPARISON WITH EXPERIMENT 

The ^-ray energy spectrum of RaE has been accurately measured by the 
magnetic spectrometer by several authors '(Neary, 1940; Plammerrfeld, 1939). 
The most satisfactory determination is due to Neary, the results of which are 
shown by the cuj*ve a, figure 2. The relation (11) derived by Schopper has been 



Fig. 2. — The energy distribution curve for Ra E ^ -rays : (o) The speotromotric measurements 
of Neary, (6) recalculated from H. Schopper’s formula (8) and (9) using (12a), 
(c) calculated from relations (25) and (26). 

I 

used by him to calculate the energy distribution of /?-rays from RaE, UXi 
-fUXa and For RaE, in the region of high energies, Flammersfeld’s 

range- energy relation 


E{x) = 1.92 ^/{xQ-~xf^0.22{xQ~-x) ... (12) 

for /9-rayB has been used to obtain the ne(;essary-^* values. It is, however, 

dE 

clear that the last relation cannot be true at low energies, since according to 
this, ~ tends to zero at x approaphing zero, whereas experiment shows that 


J 

N{E) = N{x) has a finite value at very low energies. In the low energy 
dE 

region Schopper, therefore, uses the relation (9) directlyjbogether with the values 

j 

of ^ obtained by himself earlier* and calculates the energy distribution. The 


latter values of ^ 

dE 


near about the maximum of the distribution curve appear 


• We are indebted to Dr. H. Schopper for his very friendly private communication 
this iibject. ^ 
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to be somewhat higher than those obtained from Flammersfeld’s relation. The 
RaE yff-ray-spectrum calculated by Schopper by the above procedure shows 
considerable agreement with the experimental curve of Neary. It may be 

pointed out, however, that thoj* values used by Schopper cannot be taken as 

oLa 

quite certain unless tlaey are confirmed by an independent relation which is 
known to bo strictly valid throughout the entire energy j-ange of the //-rays. 
Such a consistent range-energy relation for /^-rays has recently been given by 
Katz and Penfold (1952) for aluminium absorbers. This is 

R = 412 (mg/cm^), where n — 1,265—0.0954 loga E ... (12a) 

and fits well with the most reliable published values of practical ranges of mono- 
energetic electrons and the maximum ranges of nuclear //-rays in energy region 
0.01 ^ 2.5 Mev. It would, therefore, be logical to recalculate the distribu- 

tion curve by employing Schopper’s formulae and using the dxjdE values 
derived from Katz and Penfold’s relation (12a). The result of such a recalcula- 
tion is shown in curve b of figure 2. Clearly enough, this curve does not show 
a good agreement with the experimental results (curve a) in the medium and 
the high energy regions. The apparent good agreement of Schopper’s original 
results with experiments thus appears to be somewhat exaggerated. 

In the present work wo propose to review the relation representing the 
absorption of the homogeneous fi-T&ys more critically with a view to achieving 
better agreement with Marshall and Ward’s absorption curves than hither to 
obtained by previous authors. It appears that the addition of a fourth power 
term to the parabolic relation (7) gives some improvement in the fit. The plot 
of the relation 


</>{xlR) = \~l.25{xlRf-\-0.^S{xlR)^ ... (13) 

is shown in figure 1 , curve d, where wo also reproduce for comparison the curve c 
reiiresenting the parabolic relation, curve 6 representing the linear relation and 
the curve a the experimental results of Marshall and Ward. It is clearly seen 
that the curve d follows the experimental curve more closely than the others, 
although there is some departure in the high energy region. Taking equation 
(13) as the basic relation for ^{xJR), we carry out the calculations following the 
equation (2) and solve the differential equation resulting from that. The corres- 
ponding relation giving the energy distribution of ^-rays is obtained by utilising 
the range energy relation of Katz and Penfold. Unfortunately a complete 
analytical solution cannot be achieved due to mathematical difficulties, but a 
method of successive approximations has been used as a first approacli. The 
results obtained are shown in curve c, of figure 2 which suggest a slight improve- 
ment over previous results. It, however, appears that considerable divergence 
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from experimentally observed /?-ray-ttpectrum still exists. The significance of 
this departure will be discussed later. , 


4. THE MODIPUED INTEGRAL DIFFERENTIAL 
EQUATION AND ITS SOLUTION 


Aw already mentioned in section 3, the empirical relation (13) or 

^{xjR) = l-\-a{xlEf-\-b{xlRf ... (13a) 

with a = —1.25 and b ^ -| 0.38 is used as the basis of our calculation. 
Proceeding as in equation (2), we have 

Rq 

l{x) ^ J </>{xlR)N{R)dR ... (14) 

j, 

I 

Rq 

/'(*) = -(H-« |-6Wx)+ 1 I [ ] N{R)dR 

HB 

r(x) = -(l+a+6)iff'(x)- ^ [2a+4l]jV(x) 

X 

Rq 

+ M ... (16) 



If we write 


we obtain 


/(*) = ! 

X 

So 

m = \ 

X 

K{x) = af{x)^hilf{x) 


Bo 

J{x) = I N{R)dR + af{x) + hij/ix) 



(17) 


/'(*) = -{l+a+b)N{x)+ 2“/(x) + ^ ^(x) 

X X 


( 18 ) 
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r(x) = -(l+a+6)^'(a;) - ^ {2a.+ib)N{x) 

X 


+ - (***) 

Also from the last equation of (i) we get 

= __ (20) 

Substituting this hi (18), we obtain 

m = - [/'(*) + (1 + o + b)N(x) - 4 ... (21) 

Substituting (21) in (20), results 

m + Is [ ^'W+(H-<»+«')i'fW 1 ... (22) 

Also from (19) using (21) and (22) follows : 


r(x) = -{l+a+b)N'(x)+ l(5+3a+?')A'(x)- !'(») 

or r{x)- I'ix) + =- (l+rt+6)lV'(x) + ^ (5H-3tt4.6)^(x) 

X X'‘ X 

Substituting for K{x) from (17), 

7i*« 

/“(x)- 7'(x) + J(x) - -*!, f N(]{),IR 

X X^ X- j 

X 

= _ (1 + rt + h)N'{x) 4 1 (5 4 lia 4 h)N{x) 

X 

= AN'[x)+^‘ N(x) ... (23) 

X 

where A — —(14®+^^) and B — (543a4^j)- 

If we put a “ — 1 and h — 0, equation (23) should reduce to Schoppor’s 
equation. In this case equation (23) will become as 

/”(X)-1. ^(») — I [ ms)dl{ - ~ N(x) . . . (23a) 
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and equation (14) will give, 


Rg Rg 

I(x) = I N(B)dR - j {xlB)m(B)dB, 


eo that 


Rq Rg 

I N(B)dB = /(*) + I ( ;! ) ” 


Substituting this in equation (23a), we obtain 


r(x) - 'I r(x) - ( I-)* WiJ == In(x) 

li" 


Also from e(iuaiion (15) wo have in this particular case, 

Rg 

X 


( 211 )) 



(24) 


(24a) 


Substituting this value in (24) we get, j 

2JV(x) = xr(x)-r(x) (^q.8) 

wliich is exactly the same solution (8) obtained by Schopper, here appearing as 
a particular case of the solution (23). 

Now our object will be to solve the equation (23). As is evident from the form 
of tho equation, it will not be possible to got a simple solution in a very rigorous 
manner. Our attempt hero will be to assume the solution (8) to be true to a 
first approximation and then by substituting in (23) to get a solution to the next 
higher approximation. 

Thus we use for I(x) the expression from (23b)TLnd for I'(x) from (24a) and 
rewrite the general relation (23). 

Equation (23) then becomes 


xr'(x) — r(x) = Ax N'{x) + B N{x) 
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Again using (8), 

2N\x) = r{x)+xr\x)~r{x) = xr'{x) 

Substituting this above we get 


xr(x)-r(x) = I"'(x) + B N(x) 

or BN{x) “ —A ~ r”{x) + xr{x) — r{x) 

2 

But A = — (l+a+fc) = —0.13, B = (54-3fl^4-^>) ~ 1-63, because a = —1.25 
and h = 0.38, Thus, we get finally 

i.63i\r(a;) = o.cmx^r\x)-^xr{x)~r{x) ... (26) 

and putting L = log^ I{x), 

lMN{x) = T{x)[O.OQ5x^{L'^-}-3L'L"-^L'"} 

-\-x{Ty^-^L’'}-L'] ... (26) 

Evidently, this final solution (26) differs from Schopper’s solution by an 
extra term 0.065£c2/'"(a^). 

For calculating the energy distribution curve we have used for the medium 
and high energy regions relation (26), obtaining, /" and i'" from Schoppor’s 
annalytical equation (10). As pointed out by Schopper, ai^ low energies the 
finer variations of the absorption curve are suppressed if relation (10) is used. 
Therefore, for the low energy region, wo have used equation (26) in which L', 
L" and L'*' arc obtained from the plot of experimental values of L versus x given 
by Evans. Finally for obtaining N{E) as a function of E, wo have made use 
of Katz and Penfold’s range energy relation, (12a). The results obtained are 
shown by the plot c in figure 2. 


6. DISCUSSION 

The energy spectrum of /?-rays calculated according to the above procedure 
is shown in figure 2, curve c. The spoctrometric measurements due to Neary 
are plotted in curve a, and the energy distribution recalculated from Schopper’s 
formula by using Katz and Penfold’s range-energy relation is also shown by the 
curve h for comparison. The five experimental points at < 0.06 Mev energy 
are due to Pniewski and Danysz (1963). As already emphasized in section 3, 
the recalculated curve h shows considerable divergence from the experimental 
distribution, particularly at the high energy side beyond the maximum. In 
fact the recalculated maximum comes out to be very flat (inherent defect of 
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the procedure) and falls near about the position of the experimental maximum. 
The curve c obtained from our calculation shows a good agreement vsdth the 
experimental curve towards the high energy region of the distribution curve, 
but the agreement in the intermediate region shows only a slight improvement. 
It is unlikely that the mathematical approximation involved in our calculation 
or the inaccuracies of the graphical estimates of L\ L" and JJ" can account for 
the observed disagreement. It also seems clear that the introduction of still 
higher order terms in the expression (13) for ^{xjR) will not improve matters, 
since the fourth power term, added by us already, makes the agreemeiit of (j){xjR) 
with its experimental values quite good. The reason for the disagreement seems 
to be more deep seated. Probably the analytical expression (10) for /(a) in 
terms of the absorber thickness needs modification. It would be possible to 
modify it if the detailed mechanism of absorption of /?-rays in absorber thickness 
could be exactly formulated theoretically. This possibility is not yet in sight. 
The other alternative is to look for uncertainty, if any, in the sijectrometric 
determination of the y^-ray energy distribution curve for RaE in the region of 
intermediate energies. The general accuracy of Neary's data is certainly better 
than 2%. It may, however, be pointed out that the results calculated from a 
set of theoretical formulae, as done by us, ultimately depend on the accuracy 
of the absorption measurements of the continuous /f-raya. This accuracy is 
probably not very high (variable between 6.3% and 1 % in Evan’s measurements). 
For a strict comparison the conditions for the spectrometric and the absorption 
measurements should bo identical. Probably not enough attention has yot 
been paid to this point. I 

When the main problem of theoretically calculating a single continuous 
y9-ray energy distribution curve from the absorption data has been satisfactorily 
solved, one may probably attempt a possible extension of the theory in other 
directions. For example, one would like to ask ; is it xiossible to ajiply the 
theory to the cases, where more than one continuous /^-spectra with different 
end points are superimposed on each other, or when line spectra are superposed 
on a continuous /f-spectrum ? Beta emitters of these complicated types are, 
of course, quite numerous. But it is too early to consider these questions now 
before the simplest problem outlined above has been completely solved. 
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ABSTRACT Tho absorption coefficionta and energy spectra of gamma-rays from 
600 me of Ra in equilibrmm were measured under thick layers of Pb from 18.6 to 27.6 cm 
with a sodium iodide (thallium activated) crystal in combination with a linear ai iplifier and 
differential energy discriminator. Tlie absorption coefficient measured with absorlper of very 
small lateral dimensions and for the gamma-rays of highest energy, e.g., 2 4-94-J.b.073 Mev 
emitted by radimn is about 8% less than the theoretical value. But when u stronmand wide 
beam is used by placing tho Ra source immediately below the absorber then the measured 
absoriition ooolllcients show anomalous variations as previously reported by tho authpr. The 
enorgy spectra measured under 18.6 cm and 20.6 cm of Pb absorber show three jieaks at about 
2.494 _L0.U7;h 2.220-b0.006 and at ].776±0.062 Mov and tho energy spectra under 23.6 cm 
shows in addition to those three peaks indications of another peak at 1.409^0.043 Mov. 

INTRODUCTION 

A few years past the author (Senchaudhury, 1948, 51, 54) reported some 
p-nomalous variations in the experimental values of absorpifon eoofificients of 
gamina-TAys from radon in equilibrium under thick layers of Pb absorber and it 
was suspected that those might be duo to some penetrating radiation of secon- 
dary origin. But the author’s experiments were repeated by Dixon and Whyte 
(1952) in Canada and by Clay and co-workers (1952) in Amsterdam with con- 
flicting results. Dixon and Whyte carefidly did the experiment apparently 
under the same conditions as the author and obtained a constant absorption 
coefficient under 13 to 26 cm of Pb, whereas Clay with an ionisation chamber 
obtained the absorption coefficients monotonously decreasing to values far 
below the theoretical minimum values. Now a careful study of the paper by 
Dixon and Whyte showed that one of the main differences between their and 
author’s previous experimental arrangements was that they used a highly cana- 
lised beam with a canal of depth 30 cm, whereas in author’s experiments a radon 
capsule of length about 3 cm was placed in a cavity of only about 4 cm depth . 
This means a great difference, firstly although they have used- a radium source 
of one curie strength, the intensity of the radiation on the absorber had been 
reduced by a factor of 1/30^ = 1/900, and the effective strength of the radiation 
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was about 1 me only. They used 5 cm thick Pb shielding on the sides of the 
detector, whereas the author used only 1 cm thick Pb shield. In all the pre- 
vious experiments the absorption coefl&cients for the integral beam only have 
been measured that is the average absorption coefficient of the liighly hotcrogeiio- 
ous beam of gamma-rays emitted by Ra and therefore the comparison of the 
experimental values with those of the theoretically calculated values are mean- 
ingless except that the absorption coefficients should not bo less than the theore- 
tical minimum values of about 0.47 cm-^ in Pb. There has also been some con- 
troversy about the energy spo(‘.tra of gamma-rays from Ka (B 1-0) and Whyte 
(1952) only imbrectly inferred the energy spectra from tiaiismission curves under 
thick layers of Pb. 

In view of all these the author was waiting for a suitable opportunity to 
repeat the former experiments and also to visualise directly the energy spectra 
under thick layer of Pb. absorber. By the courtesy of Prof. Laiiterjung of the 
Institut fiir Physik Im Max-Planck-Institut fur Modiciiiische Forschung at 
Heidelberg it has been possible for the author to repeat the experimoiits more 
carefully during a study leave in West Germany. Several sets of measurements 
were made under different experimental arrangomeuts Avith the two-fold objects, 
firstly, to investigate the anomalous variations in absorption coefficients under 
certain experimental conditions and the nature of secondary radiations producing 
such localised variation and secondly, tc) see how far the experimental values 
can be brought in agreement with the theoretically calculated values by eleminat- 
iiig all secondary radiation and mcasurmg with nearly moiiochroniatic radiation 
only. 


EXPERIMENTAL ARRANGEMENTS 

In these investigations a sodium-iodide (thallium activated) Harslia crystal 
of diamotor and depth 5 cm with a linear amplifier and differential disciimmator 
has been used as the detector and as a spectrometer. The linear amplifier used 
is model 218 and the differential discriminator is a single channel 510 pulso-hoight 
analyser of tlie Atomic Instrument Co , mth resolving time 0.8//> so(3. and 
lO/tsec. respectively. The recorder was a 1000 scaler of Tracer Lab of resolving 
time l//sec. The photomultiplier used was 11. C. A. 6342 and the high voltage 
supplied to its cathode was from a model 312 super stable power supply. The 
differential discriminator was calibrated by the jieak of Cs*®’ gamma-rays and 
the constancy of the linear scale was tested almost every time before and after 
each experiment. The strength of the Ra source was 500 me. Mainly three 
sets of experimental arrangements have been used in these investigations e.g. 

1. (a) Detector unshielded and the beam not canalised, 

(b) Same as (a) but with sides shielded detector, 

2. Canalised beam and sides shielded detector, 
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3. Same as 2, but the lateral dimensions of the absorber used are very 
small. 

The different experimental arrangements are shown in the figure 1. The 
experimental arrangements 1(a) are similar to the previous arrangements of 



Fig. 1. — Exiionmental arrangements. 

(а) Jioam not canalisocl. Detector unshielded. ^ I 

(б) As in (a) but detector shielded. 

(c) Beam canalisecl, detector shielded and with two different lateral dimensions of 
the absorber . 

the author except 30 cm Pb, shielding all but the front side of the Ka source 
to prevent any j'adiation escaping to he room other than through the front 
absorber. Under these conditions it was found that the counting rate by the 
detector reduced to tliai. of the background when about 33 cm l^b absoiber was 
used in the front. The detector sides were not shielded by Pb as iireliminaiy 
experiments showed that such heavy shield appreciably reduce the absorption 
(joefficients by scattering back to the detector some of the radiation scattered 
by the absorber. Further, any remaining scattered radiation by wall reflection 
etc., which are of very low energy, were eut off by the^nergy discriminator except 
for the total integral beam. The a raugements (b) are similar to (a) except 
5 cm thick Pb shielded the sides of the detector. The experimental arrange- 
ments (c) with a canalisod beam of canal depth 30 cm are exactly similar to 
that of Dixon and Whyte. Absorbers of two lateral dimensions, o.g., 20 cm X 
20 cm and 7 cm X 7 cm were used. 
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EXPERIMENTAL RESULTS 

The counting rates, subtracting the backgrouird with different thickness 
of Pb absorber and with diffei’ent energy cut-offs under the experimental 
arrangements (a), are shown in logarithmic scale in the figure 2. The curves are 
represented by the number 1, and the size of the points reijresents the statistical 
error when it is not shown otherwise. The measured absorption coefficients 
for three different distances of the detector from the Ra source, e.g., 75 cm, 
64 cm and 49 cm and for the integral beam of energy greater than 1.029 Mev. 
are shown in the figure 3 togetlier with tlie mean curve under tlifferent thicknesses 
of Pb absorber. The absorption coefficients were measured from IS. 5 (iin to 
27.5 cm Pb absorber at the interval of J cm only. It may be observed that 



Fig, 2. — Counting rates from source ^•adiationJi for different enorgy cut-off. 

Curves I • Beam not canalised, doteotor unshielded (Expt, la) 

Curves II : Beam oanalisod, detector sliioldod, ubsorhor eroBS- sections 7x7 cm* 
arrangements according to Fig. 1(c). 

ill all the three curves the absorption coefficient steadily decreases to a minimum 
under about 21.5 to 22.5 cm Pb followed by a steady rise to a maximum under 
23.5 cm Pb and a sharp fall again to a value much below the theoretically 
expected and the ininimum value under 24 5 cm. In each curve a new rise again 
under 25.5 cm is indicated. The theoretically expected value is represented by 
the dotted line and it is nearer to the jieak value under 23.5 cm Pb.. The 
measured absorption coefficients for the integral beam of all energy also shows 
exactly similar variations. The conditions of these measurements are nearly 
isimilat to those of the previous measurements by the author. In the previous 
5 
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results there was a steady deeroase of the measured absorption coefficients after 
20 cm of Pb absorber to a minimum between 23 and 26 cm with a rise again 
after 26 cm. But in the previous ineaRuroments Pb absorber at the interval 
of 2 cm or more weT(? used and probably therefore the additional increase under 



Fig. S — AljHOiption coofTioieiite for Lho intogiul boaiii with ii/ > ] , 02!) Mov umlor diffwonL 
absorber t)iiokne8B iiioaaurod at three different distaneefl between the aourco and 
the detector. Beam not canalised, deteotor unshielded. Arrungoinenta la 
Lower oiirve : Mean of throe curves for difterent distances. 

23.5 cm indicated by the present oxporiiuciit, was not detected. But the 
moasuremeiits witli the arraugoments (b) shielding the sides of the detector 
by 5 cm thick Pb show that for the integral beam and for the integral beam 
of energy greater than 1 029 Mev, the absoriition coefficients steadily decrease 
to a value below the theoretical niiuiuium value after 23.5 cm of Pb absorber, 

The experimental arrangements (c-) are cxac5tl;^ similar to those of Dixon 
and Whyte (1962) and the measured absorjition coefficients for the integral 
beam of all energy and for energy great.Gr than 1.029 Mev. measured with Pb 
absorber of dimeiisiou 20 cm by 20 cm are also similar to those obtained by 
those workers. There are no anomalous variations and the measured absorption 
coefficients are nearly constant and equal to theoretically expected values. But 
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the nieafiurcd absorption coofihiients for highfu- energy ent-ol‘fs and nearly mono- 
chromatic radiations are always smaller than the iheorqiLieal values. In the final 
measurements with the arrangements (c) the absorbers of lateral dimension 
7 cm X 7 cm were used and the absorption coefficients wore measured for the in- 
tegral beam of all energy and for the photons of energy 2. 4 94^:0 -07 Mev, which 
the energy spectra measurements showed to be the highest energy com^ionent of 
gamma-rays from Ra (B-f C) The log iuiensiiy curves are shown in the figure 2 
with the curves marked III. The measured absorption coefficionts for the 
integriil beam are much smaller than the theoretical ininiinuin values similar 
to those obtained by Clay (1952) and reduce to as low as 0.17 nm“^ under 23.5/cm 
Pb absorber. But it was observed that the counting rate by the detector could 
not bo rcducoti to that of the background even after 40 cm of Pb absorber. 
It is therefore obvious that such low values of absorption coefficients are due to 
a considerable fraction of the scattered radiation from the absorber wlutih is 
scattered back to tbe detector by the largo Pb. shield surrounding its sides. For 
the Compton scattering is maximum in the forward diroistion and as the lateral 
dimension of the Pb absorber is very small, these scattered radiations are not 
further reabsorbed as the sucicessivo thickness of Pb absorber is increased. When 
the measurements Avere made for gamma-rays of highest energy 2 494-1-0.073 
Mov. only cuttmg-off all scal-teied radiations of lower energy by tlio discriminator 
with narrow channel width, the measured absorption eooffiinont was about 
0.455 cm“^ which is only about 8% less than the theoretical value. 


ENEIICJY SPEOTKA 

For the experimental arraiigemoiits (a) the energy sxiectia of gamma-rays 
from Ra (B-|- C) were measured under 18 5 cm and 23.5 cm Pb absorber together 
with tlilit of the background under 23.5 cm The measured spectra are re- 
presented in the figure 4, one volt jmlsc height is ecjuivaleut to 0 0342ib-d91 Mcv. 
The energy sjieidra are slioAvn for gamma-rays of energy greater than about one 
Mev. only for the energy spectra under 1 Mev show no peak but a continuous 
energy distribution. The energy spectra under 18,5 cm curve A bIioav peaks 
at 1.77-b0.005, 2.22-1-0 09 and 2.39-_L0 07 Mev The energy spectra under 
23.5 cm curve (c) shows in addition to throe peaks a new peak at l.4()9di0.043 
Mev. But slightly displaced towards higher energy there is also a peak in the 
background curve B at 1.537.10.045 Mev. The limit of error to each peak 
energy is the constant error of calihi'atioii and do not affect the relative position 
of the peaks. The constancy of the linear scale of the amplifier was tested by the 
constancy of position of peak almost after every experiment. 

For the experimental arrangements (c) the energy spectra were measured 
under 20.5 cm and 23.6 cm Pb absorber with the background spectra under 
23.5 cm. The energy spectra under 20.6 cm shows three peaks at 2,49di0.073 
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Mev. 2.289±0.067 Mev. and at J .7761 ±0.052 Mev. The energy spectra under 
23,5 cm shows four peaks at 2 46 ±0.07 Mov, 2.280±0.06 Mev, 1.800±0.05 Mev 
and at 1.47 ±0.043 Mov. The peak at 2.49±0.07 Mev is very clear under this 
experimental arrangements though it was scarcely visible under the arrange- 



Fig, 4 , — Energy spectra of the total radiation (source and background) under 18.6 and 23.6 cm 
Pb absorber (curve A and C). 

Hanlcground without source radiation (curve B), curve (0-B) Plioton spectra ol tlic 
lla source under 23.6 cm Pb absorber. Airangements J(a). 



303438 42 46 50545d6266707i7dV ^ 

Fig. 6. — ^Energy spectra of the total radiation (source and background) under 20.06 cm 
(curve A) and under 23.5 cm Pb (emwe C) together with the background (Curve B) 
Conditions : Beam canalised, detector shielded and absorber crose-sections 20 X 20 cm 
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ment (a). This peak was firsi rejiorted by Latliyshev and eo-workers (1947). 
Again the peak at 1 .47 ±0.043 Mev exactly coincides W^ith that under the experi- 
mental arrangement (a) and there is also the background peak as in previous 
experiment at 1.637 ±0.045 Mev. As the energy difference between these two 
peaks is very small it is natural to think that the peak with Ra source is simply 
the background peak shifted to lower energy due to incroaso in intensity with 
Ra source. To investigate this iioirit the energy spectra of gamma-rays 
were measured for different total intensities by changing the distance of the 
Cs^®'^ source from the crystal detector and it was found that there was slight 
shift of the peak towards higher energy with the increase of the total intensity 
when the linear scale was calibrated at lower intensity. This is also expected 
from the slight decrease in sensitivity of the photo-cell cathode at higher intensity. 
The measured energy spectra of Ra gamma-rays under different thickness of 
Pb absorber also show that as the intensity is increased by decreasing the 
absorber thickness, there is slight shift towards higher energy of all the peaks 
except the now peak at 1.469 Mev which is at energy lower than its neighbour 
background peak. Also with the exiicrimental arraiigemciits (c) the total 
intensity was cut down by a faistor of about 1/7 in comparison with that under 
(a) still the position of those two peaks remained exactly same Therefore, it 
is very unlikely that the peak with radium is the same peak ' he background. 

DISCUSSIONS 

Finally to summarise the results those investigations have shown that for 
the experimental arrangements with a wide and very strong imirlent beam on 
the absorber by jdacing 500 me Ra immediately below it, the variations of 
absorption cooflicionts between 20.05 and 25.5 cm are anomalous as reported 
by the author previously. But the anomaly disajijiears when a highly canalised 
beam similar to that of Dixon and Whyte is used. Also wlnui the absorption 
coefficients are measured for the gamma-rays of highest energy only cutting 
off all the secondary radiations of lower energy by the energy discriminator 
and using absorber of very small lateral dimension to jireveiit the production 
of appreciable secondaries by multiple scattering etc., tlie measured value is 
constant and only about 8% less than the theoretical value. It is, therefore, 
clear that the anomalies appearing under the exx>erimcntal arrangements des- 
cribed above must be due to secondary radiations xiroduced either by multiple 
scattering or these are produced locally in the anomalous region by some un- 
known jirocoss. But it is difficult to understand how multiple scattering which 
is a continuous process can produce such sharp localised increase and decrease 
in the absorption. Therefore the appearance of a new peak of energy. 1.469 
±0.043 Mev under 23.6 cm Pb may be significant It could, however, be still 
better decided if the energy spectra were measured in a laboratory where the 
neighbouring background peak due to radio-active contamination or cosmic-rays 
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was absent. A careful search was also raade with a BF 3 counter if any appreci- 
able number of neutrons were emitted by the 500 me Ra source due to interaction 
with light elements in glass container etc., but no extra count over the natural 
background was detected. 
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ON THE VARIATION OF COMPRESSIBILITY OF WATER 
AND ELECTROLYTIC SOLUTIONS WITH 
TEMPERATURE 
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ABSTRACT- Ultraaonic volociiios anrl poiiipi'eHHibiliiius in wakir mid some eleetrolytoH 
avG been meaaui-ed. The results have been dincussod in the Iiglit of the Jcnowlodgo about 
heir structures. 

INTRODUCTION 

Variation of ultrasonic velocity in water with teinporatnrc upto near ahoiit 
the boiling point of water lias boon measured by Nouiuan (J 1)4-7) and AVillard 
(1947). They have employed the methods of interfei’encc anti diffraction ros- 
pootivoly for the dotonninatioji of the velocity at the higher temperatures. The 
measurement of ultrasonic velocity at high tempiiraturcs tends to be inaccurate 
as the diffraction patterns become nicreasiiigly rlitfuse with tompoiaturcs near 
the boiling point. The velocities measured by those workers do not agree, 
particularly at higher temperatures and wo have therefore attempted to measure 
the variation of velocity with temperature for wai/ei and also for solutions of 
NaCl and MgSO^. The tabulated values of the densities from the International 
Critical Tables, Vol. XU at different temperatures have been used to give us 
the respective (jompressibilitios at different temperatures. 

EXPERIMENTAL RESULTS 

The volointies of ultrasonic waves in solutions wore tletermiiied from the 
measurement of Debye Sears diffraction patterns, obt lined by running a 50 watt 
ultrasoiihi generator at .3 m/c through the liquids. The liquids wore heated to 
different temperatures upto about 90'’C, liy passing steam through a glass tube 
immersed in the trough containing the experimental liquids. The velocities 
at different temperatures and in different solutions were obtained by comparison 
with the fringe width dw for water at a lower range of temperature, whore the 
velocity F„, is accurately known from measurements of other workers. The 
unknown velocity is determined from the relation Fj, dx — du\ whore and 
dx ropro&ent the velocity to be determined and the currespoiiding fringe seperation 
respectively. The ultrasonic frequency and the photographic set-up wore kept 
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constant throughout the experiment. The velocities so determined for the experi- 
mental liquids have been plotted in figure I against the temperatures with 
extrapolations below room temperature and above 90‘’C. The electrolytes and 
their molar strengths and also the experimental points of Neuman and Willard for 
water have been indicated on the figures. The probable error in the measure- 
ment of velocity is of the order of m/s. The calculated values of compressi- 
bilities obtained from these velocity values and the known density values have 
been shown in figure 2. 


DISCUSSIONS 

It will be observed from the compressibility graphs in figure 2 that the 
compressibilities for water as also for the electrolytic solutions at first decreases 
and then rises with temperature. To account for these, qualitatively, we take 
up the composition of water as proposed by Hernal and Fowler (1933). We may 
consider that at about 0°C. water consists of the tridymite structures mostly, 
which break up partially into the cubictal structures by the rise of temporaturo 
or by the influence of the ionic pull. 

According to the accepted ideas, the cubical water structure, so formed, 
tends to be more cjlosely packed duo to larger mutual attraction ux)on one another. 
This naturally tends to decrease the ccunpressibility by rise of temperature. 
Further, according to the theory of Bernal and Fowler the structure of water 
near about 100“C is of the homogeneous cubical ty^ie. The decrease of com- 
pressibility with the increasing strength of any electrolyte at this temperature, 
as will bo observed from the graphs, cannot therefore be due to the bi'eaking 
up of more csomplex stnusture It must bo purely an effect of ionic pull on the 
polarised water structures which increases proiiortioiiately with electrolytic 
:strength. This effect is, however, expected to be M'caker for larger mutual 
separations caused by any rise of temperature and thus causing an incroasod 
'Compressibility with temperature. 

Besides, as in the case of all iioii-associatod imre liquids, there should occur 
an increase of compressibility on account of larger mutual seperations, if there 
is any, as the temperature rises. The variation of compressibility for electrolytes 
with the rise of temperature is thus caused by the following effects, namely, the 
general increase of conijiressibility with larger spacings as for any homogeneous 
non-asBociated liquids: the increase of compressibility due to diminished strength 
of ionic pull at larger soperation, by the effect of temperature rise, and the 
increased ionic attraction, and a further decrease of conqiressibility duo to the 
effect of the broken up cubical structure. It does not apjiear to be feasible at 
this stage to sort out the magnitude of the different effects. The comparative 
value of the decrease of compressibility for different concentrations of NaCl 
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and MgS04 uidicates that tho decrease of compressibility compared with water is 
proportional to the concentration and the bivalent salts give rise to an effect 
which appears to be nearly double the ionic charge or the square of the charge. 
Further experiments on this lino are expected to give fruitful results. 
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CALORIMETER FOR THE MEASUREMENT OF 
SPECIFIC HEAT OF LAC 
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ABSTRACT. For the measurement of the speeifie heat of lac and other bad conduct- 
ing materials, a rectangular type of copper calorimeiur is designed, which ehminatos the 
sources of errors of the culorimotor used by Bhattacharya (1940). Sjiooifie heat of Kusuin 
lac has been measured from room temperature to llO^'C, at intervals of 5"C. The variation 
of its specific heat with temperature is discussed. 

INTRODUCTION 

Measurement of the specific hoat of lac was uiiderlakon to examine the 
behaviour of the variation of specific heat of lac at higliei temperatures. The 
specific heat was measured from room temperature to 110*^0, with a newly 
designed rectangular typo of calorimeter. It is not desirable to extend this 
range beyond llO^C since the lac polymerises quickly after this temperature. 
Even in this short range several interesting features were revealed and it is 
hoped that a complete study may bo useful for judging the quality and age of 
lac sample. 


EXPERIMENTAL 

The measurement of the specific heat of lac was made by Sen (193S-39) and 
Bhattacharya (1940) from ]0°C to 40°C. The aiiparatiis used by thorn consists 
of two hollow cylinders of same the length I and radii R and 2R, Heating 
wire is wound round the inner cylinder and the thermometer is [ilaced on the 
common axis for recording the temperature. The whole calorimeter is filled 
with lac. In such an arrangement following defects wore felt. 

1. The volume of lac contained inside the inner cylinder is and that 
contained in the interspace of the cylinders is 7 T{ 2 R)H—nRH — ^nRH. That 

is, on one side of the heater the material is three times that on the other side of 

it, and therefoi’e the average temiieratiu’e of lac in the two compartments 
cannot be expected to remain the same. 

2. The thermometer is placed on the axis of the cylinders ; hence it will 
not record the average temperature of lao of the inner cylinder. 
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3. Lac is a bad conductor of heat, and no attempt seems to have been 
made towards the attainment of uniform temperature in the mass of the 
substance. 

Considering these defects the calorimeter finally adopted, (figure 1) consists 
of a hollow rectangular copper vessel, with the closed bottom. A flat heater 
divides the vessel in two rectangular chambers along its length. Thus there are 



Fig. 1. Cross -seotiomvl view of the calorimeter. 

equal volumes of substance on the two sides of the heater in the two chambers, 
and the error due to the first objection is eliminated. Two thermometers, enclosed 
in copper covers, are placed such that their bulbs occupy the central positions 
in the two chambers. This rules out the second objection. "Finally, two copper 
sheets are introduced in the zig-zag way in the two chambers to ensure the uni- 
formity of temperature. 

The dimensions of the actual calorimeter used were l"xl"x4". Heating 
coil of approximately 30 ohms was wound flat on a thin insulator, and was 
finally covered by two thin insulating papers. Over these papers two copper 
sheets were placed, and the whole assembly was kept in the exact central position 
of the calorimeter, dividing it in two equal rectangular chambers. Four inches 
wide copper sheet was bent in the form of a rectangular wave with wave- 
length of 1/6" and amphtude of 3/16". It was placed in the calorimeter as shown 
in figure 1, in cross-section. Thus no part of the substance is farther than 1/20" 
from the highly conducting surface of copper sheet. Thus only in two minutes 
after the passage of current the temperature became constant. 

The calorimeter was placed in a glass bottle, and the bottle was kept in a 
glycerine bath. The temperature of the bath could be increased by a heater 
and maintained constant by a thermo regulator and stirrer, and could be read 
by a thermometer. Current at nearly 16 volts was passed through the heater 
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of the calorinnetei' for about a minute and the rise in temperature was noted. 
Kadiation correction was also applied. Water equivalent of empty calorimeter 
was determined in the routine way. Calorimeter was then filled with lac, and 
the specific beat computed after passing current and noting the rise in tempera- 
ture, which was recorded by a thermometer which could read to 0 l^C. The 
rise is adjusted nearly 5“C for each determination, after which the temperature 
of the bath is kept constant for 16 minutes, and the thermometer is also seen 
to record the constant temperature for at least 10 minutes, before every fresh 
determination. 


RESULTS 

Specific heats of ICusum shellac of fresh and heat-hardened samples were 
measured and are tabulated in the Table I. Lac is polymeiised after a few years 
of storage, and is rather useless for many purposes There are a number of 
prescribed tests to judge the quality of lac. However, the measurement of 
specific heat of a sample can enable us to estimate its age from the difference 
between its specific heat and that of the fresh sample at that temperature. 


TABLE 1. 


Tempera- 
ture in ®C 

Specufie 

P’reah 

heat of Lao 
Heat 
tiardened 

Tempera- 
ture in "0 

Fresh 

Spooific heat of 
J..ao Heat 
hardened 

20-26 

.33 


05-70 

.66 

.53 

25-30 

.34 

.30 

70-76 

.71 

.63 

30-36 

.39 

.32 

76-80 

.66 

.63 

.36-40 

.40 

.34 

80-85 

68 


40-46 

.45 

.37 

86-90 

.67 


46-60 

.64 

.46 

90-96 

.67 


60-66 

.57 

.47 

95-100 

.67 


65-60 

.64 

.47 

100-106 

.67 


60-66 

.62 

.53 

106-110 

.66 



It may be noted that the specific heat varies very slowly in the range 
20°0 to 40®C, rising gradually from 0.33 to 0.40, while after this temperature 
it rises very rapidly, attaining a maximum value of 0.71 at 76°C. After 75°C 
it falls abruptly to a value of 0.58 at 85"G, and remains more or less constant 
upto 110°C, which is the maximum of the range. Bhattacharya (1940) has 
attributed the rapid rise to a oontinuousrate of fusion. Such a variation 
of specific heat for lac is duo its being a complicated mixture of various complex 
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organic substances of which h'tile is known. However, lac has been separated 
in three portions hard and soft resins, and the lac wax, by physical means. 
These three fractions themselves contain innumerable complex organic substances. 
Thus from the variation of the specific heat it appears that as the temperature 
is raised, more and more constituents of lac begin melting resulting in an 
abnormal rise in the specific heat of lac. The maximum value of specific heat 
at-Tfi^C and the abrupt fall in its value after this temperature indicate that 
maximum fraction of lac melts at 76°C, and the constancy in specific heat after 
this indicates that no more of the lac melts till the maximum range of measure- 
ment. Hence 75°C is taken to be the melting point of lac. 
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ON THE MAGNETIC SUSCEPTIBILITY AND ANISOTROPY 
OF UNDER A CRYSTALLINE ELECTRIC FIELD HAVING 

PREDOMINANTLY CUBIC SYMMETRY WITH A SMALL 
TRIGONAL COMPONENT 
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CAIiOUTTA~32 

{lieceived for publication, June 26, 1958) 

The equation for inagiiolic suKceptibility of vamidiuni ammonium alum 
in a crystalline electric field of predominantly cubic symmetry with a 
small trigonal distortion has been deduced by Siegert, (1937) assuming 
a breakdown of the Russel-Sannders (K) coupling and neglecting tlio effect of 
admixtures from the higher orbital levels Fg, Fg and configuration. It 
is found that though this expression fits well with the experimental mean values 
of susceptibility of vanadium ammonium alum in liquid hydrogen and helium 
temperature range, there is appreciable deviation in liquid air to room tempera- 
ture range It is very probable that in these salts the binding is only 
partially covalent in nature (Owen, 1955) and though the spin-orbit coupling 
has broken down, the R~S {ll) coupling is not (Van VIeck, 1939). Further the 
admixtures from upper levels may not be quite noghgible as has been shown by 
Abragam and Pryce (1951). 

Wo have, therefore, deduced the expression for meaii gm. ionic susceptibility 
using Abragam and Pryces’ Hamiltonian and the wave functions. The expres- 
sion for susceptibility is 

“ 2+«.p(«)+2E,(-f)'+2Ki7r!>“) ‘ . ■ 

+K, ... ( 1 ) 
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where, = 200.6 x 10-«, A -= 0.9313, B ^ 0.8438, C = 2.078, B ^ 0.2377 and 
DjK = 6.9, obtained with the trial value of A (the trigonal field oi’bital 
splitting) = —400 cm“^, the effective Lande factors a = 1.25 and of = 0.60 
and A (the spin-orbit coupling constant) = 104 cm"^, as a result of which wo 
obtain 

^1, = 1.93 
= 1.82 

and D = 4.8 cni“^ 

N = number of magnetic ions per gram molecule 
— Bohr magneton 
k = Boltzmaim factor 

Since iii tlieso alums there are four trigonally distt)rtei clusters/ arranged 
in cubic symmetry in the unit cell (Pa 3), the crystal does not show jmy aniso- 
tropy and the experimental mean susceptibility of the crystal, which is robe same 
as that of the ion, is all that we can compare with the theory. \ 

In recent years Dutta-lioy (unpublished) has very carefully measiWed the 
value of K for vanadium ammonium and potassium alums in the range 300'’K 
to 100°K using sensitive techniques developed in this laboratory (Dutta-iloy, 
1956). These are in general agreement with the results of van den Handel and 
Siegert in the same range but with some small deviations the nature of which 
will be discussed in a separate paper by Dutta-Boy. 



0 so 100 150 200 — 2S0 300 


Fig. 1. Variation of moment (lO^X T) with teinperaturo for vanadium ammonium 
alum. 

O Shows our theoritioal values 
X ,, the experimental ,, 

• ,, Siegert's theoretical values. 
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A curve for \Q^KT against T is plotted in figure 1 and compared with the 
experimental values. It will be seen that the agreement is on the whole very 
satisfactory in the low temperature region (hq. He arid Hg) and is also quite 
good in the liquid air range. 

It is found that the “crystalline siDoctroscopic splitting factors” g\\ — 1.93 
and gr^ = 1.82 so that the anisotropy of the [ -c-omplex may bo small. 

The anisotropy will, however, also depend to appreciable extent on the largo spin 
separation D = 4.80 cm“h Tlie Van Vleck high freqiieniiy term in equation 
(1) ^ 0.42x10 ® for the above quoted values of a, a', A and A, in good agree- 
ment with Van VJeok’s estimated 0.3x10““ 

The value of the parameter a' appears to be too low perhaps due to the 
inclusion of the covalency factor in these x'^^i'ameters. Perhaps a somewhat 
better reasonable lit might be obtained by adjusting the paranietcTs further, 
but this may not bo very fruitful in the absence of exiierimental justification 
for the chosen values of a, a', A, ij\^, (Jj, and D from ineasuromeuts on absorption 
spectia a-nd iiaramagnetic T'osoiiance Avhiidi is not yet available. Thus these 
coefficients are to some extent arbitrary, though generally reasonable from 
the theoretical and experimental investigations on other salts of the iron group 
of elements. The fact that these parameters may also change with temperature 
{Bosio et aL, 1957 and 19/5S ; Hiitta-Koy, 1959) makes the situation further com- 
plicated. Those facts will he discussed soon in details in a further pajier. 
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INTRODUCTION TO PHYSICAL CHEMISTRY. VOL. 1. 

by Prof. S. N. Mukherjee, D. So. 

Published by : Art Union Printing Press, Price 11/- 

This is a useful book for the undergraduate students of the Indian 
Universities. The present book covers the syllabus of the 1st year Honours 
course in the three-year Honours course. The topics in this volume are mainly 
represented by the properties of gases, liquids and solids and thermodynamics. 

Utilizing his rich experience as a teacher, the author has developed the 
topics in a clear and logical manner, elaborating the fundamental principles 
in a lucid stylo. He has taken meticulous care in presenting tno basic 
concepts of physical chemistry and their apjilications to various ph^^sico- chemi- 
cal phenomena. The book would be suitable as a text book not only to the 
degree students but also to a great measure to the post graduate s\udents 
of Indian Universities. 

Some typograpical and other mistakes have crcjit into this book and it 
is hoped that the author would take cognizance of siKih matters in the second 
edition of this book. 

S,R. P 
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OF ETHYLENE DICHLORIDE IN CERTAIN 
SOLVENTS* 
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ABSTRACT- The infra-red absorption siieotra of pure othylono diohloride and of 
its solutions in carbon tetrachloride, methyl cyclohexane and heptane of different concentra- 
tions recorded with a Perkin-Elmer Model 21 spoctropliotonietor have been compared with 
each other. The integrated intensities of the absorption peaks 1297 cm-i and 1236 cm-i 
have been measured in each cose and it is observed that in the case of 20% solutions in heptane 
and methyl cyclohexane the ratio A|^207/Ai«30 is less than that for the pure liquid and that 
the ratio diminishes by about 60% when the strength of the solution is diminislied to 3%. 
In the cose of solutions in OCI 4 the changes in the ratio mentioned above are much smaller. 

The speotj’a due to 6% solution of C2H4CI2 m heptane were recorded with the solution 
at 27“0 and 70"C and it was observed that the ratio is slightly smaller at liighor temperature 
than at the room tomperaturo. 

It is pointed out thaii such changes in the ratio Aioin/Aisan are in complete disagree* 
ment with those expected from the energy-difference of the two types of molooulos in the 
solution calculated by pi-evious workers. It is concluded that the results can bo explained 
on the assumption that formation of virtual H-Cl linkages in the liquids is responsible for 
the origin of tho gauche molecules. 


INTRODUCTION 

The exisionce of rotational isomers in the liquid state of some substituted 
ethane compounds was first demonstrated by Mizushima and Morino (1938). 
From the values of dielectric constant of gaseous ethylene dichloride Watanabe 
et al. (1942) found the difference of energy between the trans and gauclie con- 
figurations of the molecule to be 1.22 KCal/mole, and taldng into account the 
respective partition functions and also tho two alternative configurations of 
the gauche molecule, they calculated the ratio of tho number of gauche and 
trans molecules and found it to bo 0.34 : 1 in the vapour state at the boiling 
point of the liquid. By comparing the intensities of the Raman lines’ 666 cm”^ 
and 768 cm‘i both in the case of vapour state and also for the liquid state they 
concluded that the value of the ratio of gauche and trans molecules in the liquid 
state is 1.3 : 1. Watanabe et al. (1943) tried to explain this change in the ratio 
of population of the two typos of molecules with change of state by assuming 
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that in the liquid state the gauche molecule acquires on excess of electrostatic 
energy which is equal to — where e is the dielectric constant of the 


liquid, /I the permanent electric moment of the gauche molecule and a is its 
radius assuming the molecule to be a sphere. They showed that the influence 
of this electrostatic energy would diminish the energy-difference of the two 
types of molecules to a very small value in the liquid state. Actually, from 
the temperature-dependence of the ratio of intensities of the linos mentioned 
above they concluded that the electrostatic energy of the gauche molecules in 
the liquid state explains the observed change in energy-difference. 


From the results of measurements of the infra-red absorption bands 
1235 cm“^ and 1291 cm"^ of ethylene dichloride in the vapour state at different 
temperatures Bernstein (1949) concluded that the ratio {NgjNt) of the gauche 
(Cg) and trans molecules increases at higher temperatures indacating an 

energy-difference of about 1140 cal/mole between the two configuratrons. The 
value of NglNf at 424.4°K was found by him to be 0.574, while from the ratio 
of the intensities of the Raman lines 666 cm~^ and 768 cm“^ in the vapour state 
at 443“K Watanabe et al (1943) found the value of NgjNt to be 0.47. The 
present author (1953) also measured the ratio of the intensities of the two Ilamaii 
linos due to ethylene dichloride at 136”C and found it to be 1 • 4.5. When these 
results wore compared with those published by Watanabe et al (1943), the change 
in the ratio of intensity of the two lines mentioned above with change of tem- 
perature of the vapour indicated very small energy-difference of the two typos 
of molecule.s. Thus these results are at variance with each other. 


Rank, Kagarise and Axford (1949) found the value of energy-difference of 
the two typos of molecules in the liquid state to be almost zero. This would 
lead to a value of NgjNt o^nal to 1.90 according to Watanabe et al (1942). 
Actually, however, with the value of the energy-difference deduced from the 
dielectric measurements and from the ratio of intensities of the Raman linos 
666 cm-i and 768 cm-^ of ethylene dichloride in the vapour and liquid states, 
they got the value 1 .3 ■ 1 for NgjNt in liquid state. So the value of N„jNt 
found out by Watanabe et al is not in agreement with the value of energy- 
difference in the liquid state reported by Rank et al. 


It was suggested earlier by Bishui (1948) that the gauche type of molecule 
of ethylene dichloride in the liquid state might be^ produced by association of 
the neighbouring molecules. Kuratani (1952), however, studied the infra-red 
absorption bands of ethylene dichloride in solution in a few solvents and measured 
the intensity-ratio of the absorption bands 1284 cm~^ and 1230 cm“^ and found 
i-lrat the ratio did not change with the change of concentration of the solution. 
From the.se results, he Qoncluded that the band 1284 cm~^ was not produced by 
associated molecules as suggested by Bishui (1948). Later, Banerjee (1954) 
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measured the intensities of the Raman lines 654 cm-^ and 755 cut^ of ethylene 
dichloride dissolved in more suitable solvents such as heptane and cyclohexane 
with different concentrations ranging from 35% to 65% and found that the 
ratio of intensities of the two lines diminishes with the diminution of concentra- 
tion of the solutions. From these results he concluded that when suitable solvents 
are used some of the associated groups which produce the gauche typo of mole- 
cule break up into single molecules and the number of gauche molecules is thus 
reduced at higher dilutions. 

Kuratani (1952) measured the ratio of intensities of the infra-red absorption 
bands 1284 cm~^ and 1230 cm“^ of the solutions of ethylene dichloridc in benzene, 
CCI4, CS2 and acetonitrile of different concentrations. If, however, the ratio 
of the intensities of the same infra-red absorption bands were measured for the 
solutions in some other suitable solvents the results might show more conclu- 
sively whether the ratio of the intensity of the bands due to the two types 
of molecules changes with concentration or not. For this reason, the investiga- 
tion of the ratio of intensities of the infra-red absorption bands of solutions of 
ethylene dichloride of different concentrations in heptane, methyl cyclohexane 
and CCI4 was undertaken and the results have been discussed in the present 
paper. The solvents heptaue and methyl cyclohexane wore chosen to find out 
whether at concentrations lower than those used by Banerjee (1954) any remark- 
able changes occur in the ratio NgjNt. 

EXPERIMENTAl. 

Chemically pure ethylene dichloride obtained from E. Merck was dehydrated 
and fractionated and the fraction boiling at 83.7°C was collected and redistilled 
under reduced pressure. The liquids heptane, methyl cyclohexane and carbon 
tetrachloride were also of chemically pure quality and wore distilled several 
times in vacuum before being used as solvents. 

The strengths of the solutions in heptane and methyl cyclohexane wore 3%, 
10% and 20% and in CCI4 3% and 15%. 

The infra-red spectra were recorded with a Pcrkin-Elmer Model 21 spectro- 
photometer with a sodium chloride prism. The resolution dial was placed at 
about 916. The absorption bands due to solvents were comi)en8ated by using 
suitable compensation cells in the reference beam, The thickness of the coll 
was 0.1 mm in the case of dilute solutions and 0.025 mm in the case of concentrated 
solutions. The spectra due to pure Hquids were recorded by using very thin 
films formed between two plane parallel sodium chloride plates. 

In order to find out whether the ratio of the intensities of the bands 1236 
cm-i and 1297 cm”^ of ethylene dichloride solutions changes with change of 
temperature of the solution the spectrum due to 5% solution in heptane at 70'’C 
was recorded and compared with that recorded for the solution at 27 °C. 
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BESULTS AND DISCUSSION 

The values of ^i207Mia86 pure ethylene dichloride and its solutions in 
carbon tetrachloride and methyl cyclohexane at 27“C and in heptane at 27 “C 
and 70®C are given in Table 1. The absorption curves due to the pure liquid, 
15% and 3% solutions in CCI4, and 20%, 10% and 3% solutions in methyl 
cyclohexane and heptane are reproduced in figures 1, 2, 3 and 4 respectively. 
Figure 5 shows the absorption curves due to 6% solution of ethylene dichloride 
in heptane at 27‘’C and 70°C. 



— > in oin“i — > r in om-i 

(«) w 

Fig. 1. Infra-rod absorption curvos of pure ethyleno diohloride. 

(a) Thin film of the liquid. (b) Thin film under slight prossuro. 

In the case of pure liquid it was found that the band 1297 cm~^ split up 
into three components in some cases and into two components in other cases, 
the three components appearing only when the cell was extremely thin and the 
liquid film was under slight pressure and two components in the case of thicker 
films or solutions. When the ratio of the integrated intensities of all the com- 
ponents of the band 1297 cm"^ to that of the band at 1236 cm-^ was calculated, 
it was found to be identical in both the cases. Apparently, however, the com- 
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Pig. 2. Infra-rod abHorpfion curves ot eoluiiune of ethylene dichloride in 
carbon totraohl oride. 

(rt) 15% aoluiion in 0.025 inra coll. (6) 3% solaiion in 0. 1 mm coll. 



— ► p m cm—' — > p III cm—' p in cm—' 

(a) (&) (o) 

Pig. .3. Infra-rod absorption curves of solutions of ethylene dichloride in 
methyl cyclohexane. 

(а) 20% solution in 0 025 mm coU. 

(б) 10 % 

(c) 3% „ „ 0.1 mm 
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poneiit at 1286 cin“^ was found to bo relatively stronger when the band 1297 
cni“^ was split up into two components. The bands observed in both the cases 
are reproduced in figures 1(a) and 1(b). In calculating the relative intensities 
of the two bands the integrated intensity of both the components of the band 
1297 cm“^ was taken into consideration. 



1200 1300 11,00 1200 1300 11,00 1200 IJOO lifiO 
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(a) (ft) (c) 

Fig. 4. Tnfra-red absorption curves of solutions of othyleno flichlondo 
in hoptano. 

(а) 20% solution in 0 025 mm coll, 

(б) 10 % „ „ 9 025 mm „ 

(o) 3% „ „ 0.1 mm „ 

It can be seen from Table I that the ratio ^izotMizsb changes very slightly 

when ethylene dichloride is dissolved in CCI4 to make a 16% solution and that 
the ratio diminishes again very slightly when the solution is diluted to 3%. The 
ratio, however, changes more markedly when the litpid is dissolved either in 
heptane or in methyl cyclohexane even to make a 20% solution and when the 
solutions are diluted the ratio diminishes still further. For example, the ratio 
changes from 0.833 to 0.fi26 when pure liquid is dissolved in heptane to make 
a 20% solution, and the ratio is reduced to 0,367 when the strength of the solu- 
tion is changed to 3%. In the cases of solutions in methyl cyclohexane also 
similar results are observed. 

In order to understand the significance of these results it would be interest- 
ing to compare them with those expected from the values of energy -difference 
calculated by Wada (1964) taking into consideration the influence of different 
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TABLE I 


Ratio of intejijratccl ahworption at the bands 1297 cni“^ and 1236 cni“’ 


Solvent 

Stronf^h 
of Holutjon 

Tempera- 

ture 

Aiai»7/Ai 2a(i 

Pure CaHiCL 

100% 

2TC 

0.H,?3 

CCl, 

3% 


0.645 




0.733 


3% 


0.357 


10% 


0 . 400 

JIo])tuno 

20% 

>t 

0 . 626 


■'5% 


0.36 



70°n 

0.32 


3% 

27‘’C 

0 384 

Methyl oyrlohoxiino 

10% 


0.476 


20% 


0 58 


solvents on tlio eiieigy-differeiice. Ho has shown that if 1270 cal/mole bo taken 
as the oiiorgy-difforeiKJO betwoon the two types of molecules in gaseous state 
the value should bo reduced to zero in the pure liquid. Actually also, from the 
measuronieut of temperature-dependence ol the relative intensities of the Raman 
lines 654 om~^ and 755 cm“^ of ethylene dichloride it has been concluded by 
Rank et al (1949) that the energy -difference in the liquid state is zero. There 
is, however, some diHicmlty about such a conclusion because the ratio N^fNt 
would be 1.9 ■ 1 when AJS7 ~ 0 , but actually it is 1.3 : 1 as reported by Watanabe 
et al (1942). So, there is some discrepancy between the values of NgjNi cal- 
culated by Watanabe et al and that expected in the case of absence of any 
energy-difference (AJB/) between the two types of molecules. 

In the case of solutions, the general nature of the change in AJS? duo to the 
influence of solvent molecules calculated by Wada (1954) was shown to be in 
agreement with that observed experimentally by different workers. In the 
case of solution in CCI 4 , however, the value of expected from his theory 
was about 790 cal/mole, but Kuratani (1952) observed the value to be 510 
cal/mole. Again, the latter worker also reported that the ratio did 

not change with the change of concentration of the solution, but in the present 
investigation it has been found that the ratio changes from 0.733 to 0.645 when 
the strength of the solution is changed from 15% to 3%. When there are largo 
Humber of hydrogen atoms in the molecule of the solvent, such as heptane and 
methyl cyclohexane, the ratio mentioned above changes more rapidly with the 



468 


Monotnohan Mammder 


increaBe iti dilution. It can be seen from Table I that the value of the ratio 
-^ia 97 Mi 236 3% solution in heptane is even smaller than that observed 

in the case of ethylene dichloride vapour (Bernstein, 1949). These facts indicate 
that the ratio of population of the two types of molecules is not determined 
solely by the energy-difference, but there is some other cause which is responsible 


for the origin of the gauche molecules. 
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(a) (6) 

Fig. 6. Infra-rod nboorpiion spectra of 5% solution of eLhylono dichlonde 
m heptane at (a) 27®C and (b) TO^C. 


Ill order to test the correctness of such a conclusion the temperaturo-dopond- 
ence of the value of the ratio -diaorMiEse ^ solution of ethylene 

dichloride in heptane was determined at two different temperatures of the 
liquid and the absorption curves reproduced in figure 6 show that the band 1236 
om"^ becomes a little broader at TO^C than that at 27“C, If the integrated 
intensities are taken into consideration the ratio mentioned above has the value 
0.36 at 27°C but it diminishes to 0.32 when the temperature of the solution is 
raised to about 70°C. On the other hand, if the value of AA' were 900 oal/mole 
as calculated by Wada (1964), the value of would increase and 

become 0.378 with the rise of temperature of the scilution from 27°C to 70°C. 
Thus it is quite evident that the energy-difference alone does not determine the 
relative population of the two typos of molecules in the solution. 

All the results mentioned above can be explained quite satisfactorily on the 
hypothesis that some virtual linkage between the Cl atoms of C 2 H 4 Cla mole- 
cules of the H atoms of the solvent molecules is responsible for the origin of most 
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of the gauche molecules present in the solution. In pure liquid also there is 
possibility of formation of groups of such associated molecules and this may 
explain the discrepancy between the observed and calculated values of the 
relative populations of the two types of molecules in the liquid mentioned earlier. 
When CCI4 is used as a solvent there is very little tendency of the Cl atoms of 
the solvent molecules to break up the Cl— H linkage formed in the associated 
groups of C2H4CI2 molecules. This explains why the value of ^i2B7/-4i2aa 
not change very much when othyleno dichloride is dissolved in carbon totra- 
olilorido and also explains the large discrepancy between the value of cal- 
culated by Wada ( 1954 ) on his theory and that observed by Kuratani ( 1952 ) for 
this particular solution. In the case of solutions in heptane and methyl cyclo- 
hexane on the other hand, the influence of H atoms on the Cl atoms of the 
C2H4CI2 molecules is so great that the value of the ratio NgjNt is even less than 
that for the vapour. This fact furnishes an additional evidence tor the fact 
that association between neighbouring molecules is responsible for the preponder- 
ance of the gauche molecules in the pure liquid. The results of some recent 
investigations in the Raman spectra of ethylene dichloride, ethylene dibromide 
and ethylo chlorhydrin carried out in this laboratory have fuimishod further 
evidence in support of the conclusion mentioned above Those results will bo 
discussed in a separate paper. 
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Plate XI 


ABSTRACT. The Debye-Soherrer paitems of frozen oyclohexano at 
-ISO^C have boen photographed and analysed. It has been found that tho ci 
is cubic with the edge of the unit cell a =8 80 A.U. At -180"C the crystal 
to be monoolinic with the unit deU dimonBions as a=8.82 A.U., b=9 81 A.U., 
and P =109“. The density of cyclohexane at -180“C has been measured, and 
of asymmetric molecules in the unit ceU has been found to bo 8. Tho spaco group 
assigned to the crystal. 



INTRODUCTION 

The crystal structure of cyclohexane was first studied hy Hassel and 
Kringstad (1930) who found the crystal to belong to the cubic system with unit 
cell dimensions a = 8.43 A.U. They studied the Debye-Scherrer pakerii of 
the substance at -80®C, by freezing the liquid with solid COg-acetone mixture. 
The crystal structure of tho substance was re-examined by Hassel and Sommer- 
feldt (1938) at -8°C and -40°C and they also found the crystal to be cubic with 
a = 8.76 A.U. at both the temperatures. They further tried to determine tho 
space group and concluded that the space group might bo T/. Lonsdale and 
Smith (1939) studied the crystal structure of tho substance at -180"C and 
reported that the powder pattern obtained by them did not correspond to any 
one of cubic, tetragonal or hexagonal lattices. They further pointed out that 
the crystal might have a low temperature modification of low symmetry or at 
that particular temperature two crystalline forms might have been present 
simultaneously. They used the results of the investigation by Hassel and 
Kringstad (1930) to find out the space group ol the cEystal at -SO^C and concluded 
that the space group might be either T^^ or 0^*. 

The structure of the crystal of cyclohexane at -180°C was therefore not 
known. An attempt has been made to study the Debye-Scherrer pattern of 
the crystal at -180°C and to compare it with that due to tho crystal at -6°C in 

* Communicated by Prof, S. 0, Sirkar. 
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order to find the space group to which the crystal at -180°C belongs, 

As shown 

below it has been found that the crystal at 

-180°C belongs to monoolinio system 

and the space group has also been determined. 





TABLE I 





Spaoings of cyclohexane 



Cubic fovm 



Monoebnic form at ■ 

-180°0 



From the data 



Calculated 


Obaorvod 

of HasHol and Imlifoa 

Observed 

from the 

Tiidiues 

at 

Somniorfeldl 



proposed 



(1938) at 
-40"C observed 



structuro 

in 

6 08 (a) 

5 06 (va) 

111 

5 39 (ina) 

5 39 


020 

4 92 (vs) 

4.02 




113 

4.54 (w) 

4.54 

200 

4.40 (m) 

4.37 (vfl) 

200 

4.17 (m) 

4 17 

210 


3 93 (vw) 

104 

3.92 (vs) 

3 94 

211 


3.62 (w) 

004 

3.76 (m) 

3 . 76 




1221 

3 40 (w) 

3.46 




21 IJ 



220 


3 14 (vw) 

202| 

3 22 (w) 

3.22 




222 1 






1241 

3.09 (vw) 

3.08 




104) 



3001 


2.93 (ms) 

302 

2 94 (vw) 

2.94 

221] 






.310 


2.82 (vw) 

300 

2 77 {m) 

2.78 

311 

2 65 (vw) 

2 65 (vw) 

106 

2 66 (m) 

2 656 

322 

2.54 (w) 

(»06 

2 516 (w) 

2.61 

321 


2.30 (vw) 

040 

2.45 (m) 

2.46 

400 


2.23 (w) 

404 

2 15 (w) 

2 15 

4111 

}- 


2.09 (w) 

044 

2 06 (m) 

2.00 

3301 



0511 


1.94 

421 


1,93 (vw) 

} 

1 .94 (w) 



406J 






308 

1 87 (w) 

1.87 




340 

1.R4 (vw) 

1 84 




060 

1.04 (m) 

1.64 




128 

1 62 (vw) 

1.62 




520 

1.57 (vw) 

1.68 




30Tol 

K 1.56 (vw) 

l.G6_ 




43^J 






048 

1.496 (w) 

i 

1.495 

1.464 




463 

1 1.47 (vw) 





228 

1.468 
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EXPERIMENTAL 

Pure cyclohexane, distilled under low pressure, was used in obtaining the 
Debye -Schorrer patterns of the crystal. The photographs at — 180®0 were taken 
by the method described earlier (Krishna Murti and Sen, 1956) with the camera 
of special design (Biswas, 1958). The Dewar vessel was modified so as to allow 
only the liquid oxygen vapour to pass on the specimen in order to record the 
pattern at a temperature just below 0°C and the temperature obtained in this 
way was -5°C as shown by a thermometer. 

A Seifert X-ray tube running at 32 KV, 26 ma. was used to photograph the 
patterns. The X-ray tube was provided with a copper target and a nickel 
filter was used to cut off the K/ff radiation. An exposure of about 3.5 hours 
was sufficient to record the patterns with moderate densities. The radius of 
the camera was measured by photographing a Debye-Scherrer pattjbrn due to 
aluminium powder and was found to bo 4.5 cms. 

RESULTS AND DISCUSSION 

The photographs of the Debye-Scherrer patterns obtained at \ different 
temperatures are reproduced in Plate XI, The spacings calculated from the 
Debye-Scherrer patterns of cyclohexane at different temperatures are given 
in Table I. The intensities of different rings in the patterns estimated visually 
are given along with the spacings as very strong (vs), strong (s), medium (m), 
weak (w) and very weak (vw). 

It is found that the si)acings obtained for the crystal at •-5°C correspond to 
those of a cubic crystal with the edge a ~ 8.80 A.U. This is in confirmity 
with the results reported by earlier authors. 

It can be easily seen from the patterns reproduced in Plate XI that the crystal 
structure of the substance at -1 80° C is quite different from that at -5° C. Attempts 
were made to analyse the pattern by the methods of Hesse (1948) and Lipson 
(1949) and it was found that the pattern does not correspond to cubic, tetragonal, 
hexagonal or orthorhombic system. Since it appears to belong to a lower 
symmetry it was assumed that it might belong to monoclinic symmetry, as it 
is the next in order of symmetry. A trial and error method was used and as 
the crystal belongs to a cubic system at -5°C, it was assumed that a distortion 
is produced in the crystalline lattice. 

The spacings 4.92 A.U., 4.17 A.U. and 3.76 A.U. have been assigned to the 
indices (020), (200) and (004) and the spacing 5.39 then agrees with that of the 
plane (111), if P = 109°. The unit cell dimensions of the crystal calculated 
with the above data are a — 8.82 A.U., 6 = 9.84 A.U., c = 15.90 A.U. and 
p = 109°. By trial the indices of all the planes giving the lines in the pattern 
have been found. It can b© seen from Table I that it has been possible to 
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assign indices to all the spacings and that the observed and calculated spacings 
agree closely with each other. 

The density of frozen cyclohexane at --180®C was measured by the method 
used earHer in tliis laboratory (Biswas and Sirkar, 1957) and was found to be 
0.8661. The number of molecules in the unit cell was calculated using this value 
of density and it was found to be 8. It can be seen from Table I that aU the 
(hkl) spacings with (k+1) odd are absent. So the space group C,> is ascribed 
to the crystal. 

Hence it can be concluded that the crystal is cubic at -6°C but it has a low- 
temperature modification of lower symmetry at -180°C, the lattice at -180°C 
being monoclinic and the space group G,®. 
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ABSTRACT. An instnimeni for iho measurement of surface tension of liquids by 
a null method is described. Tho method of balancing the downward force of surface tension 
on tho edge of a thin gloss plate by the upAvard hydrosl-atio pressure of tho liquid is used. 
Tho instrument is quite compact, handy and sonsitivo and can bo used for rapid rijleasuremont 
on a number of samples. 


INTRODUCTION 

Except perhaps du Nouy’s tensiometer, compact instruments for the ipoasiire- 
ment of surface tension are not available. Invariably it is required to assemble 
a number of loose pieces and it is difficult to obtain accurate results unless extreme 
care is taken in their manipulation. 

Meier (1949) has described a method on which the present instrument is 
based. He balanced the downward pull due to surface tension on a vertical 
wire immersed in water by the upthrust of water. Vankataraman (1956) has 
investigated the scope of tho method in detail and found that it is capable of 
giving results with an accuracy of less than 0.1%. It was thought desirable, 
therefore, to devise a compact instrument, which should have an advantage of 
sensitivity, accuracy and rapidity. 



Fig. 1 
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Fig. 2. 


description of the iESTRUMENT 

, . z' 1 9 WW is the torsion wire. 

The instrument is described m 8®®® ' , p jg gug. 

AR is the torsion arm fixed at the centre of the ^ « P 
, 1 r „ tv,„ oiirt B a is the compensatmg weight, 
penrie roi • disturbances due to 

Since the uistrument is J ^ ^ every time to restore the 

draught, otc., it was ineonvomen o ^ ^ ^ 

horizonUlity of the torsion am torsion arm. By 

..c i» o.ta »■> „ 

turning the knob ffi. the oham gnpports f/H arc fixed in the box 

mcreasmg a slight weight on the ^ rod 3f with a cenii- 

to allow the torsion arm to defloc ^^^eheil at the end of the instrument, 

metro scale marked on it and a ^ down by the rack and 

The vernier is fixed whUe the rod Tg'* ^ 

OPERATION OF THE INSTRUMENT 

n A from the end B and the weight C adjusted 
The glass plate P is suspended from ^ 

to keep the arm nearly honzontc ( 3 ^ ^ 

is not to be disturbed so long as the S^P ,gtes Off are put 

to iUuminate the end B. Althoug ^ horizontal hne is 

the observation could be taken wi o • observed fi:om the side 

marked at the centre of each glass plate. The 
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and the knob is turned until the lines and the end B are one behind the other. 
The liquid is then poured in the beaker until its level is just near the lower edge 
of B. The glass tube is lowered by turning the knob ^2 liquid level 

just touches the lower edge of P. This reading (^Ti) on the scale M is noted. 
When the liquid level touches the plate, the latter is drawn downward by the 
force of surface tension. This force is balanced by the upthrust of the liquid 
by raising the level of the liquid sufficiently. This is done by lowering the glass 
tube T until the end B is restored to its original position. The reading on 
the scale is again noted and the difference H^-H^ is found. 

When the torsion arm is restored to its horizontal position, the forces of 
surface tension and upthrust are equal. 

.-. = ^ ... (1) 

where y is the surface tension of the liquid, / the length of the edge of the glass 
plate in contact with water, t the thickness of the plate, p the densijfcy of the 
liquid and li the height through which the liquid level is raised. 

The height h is connected with H (= H^—H^ by the relation 

1i[TT{R^-r^) - l‘t] = 7Trm ... ( 2 ) 

where R = radius of the beaker and r = radius of the glass tube T. 

7T r^H 

••• ^ = r 

* ' 

Substituting this value of h in eq. (1) we get 


y 2 («+«) - ^ ^ 


where 


p git - n r^H 

^ +ir[V(S» - r®) -Hi ] 

The above equation can be written as 

yjp = C • H for a given instrument 
TT - git 


C-^ 


2{l^t)[TT{m-r^)-lf\ 


... (4) 

... ( 6 ) 


Thus by drawing a graph of yjp against H for different known liquids the 
constant C of the instrument can be determined. Such a graph drawn from 
observation on some known liquids like benzene, carbon disulphide, chloroform 
is shown in figure 3. 
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Lowering of glass tube -HC cMi 
Fig. 3. 

Tj^pical observations on benzene are given below : 

Temperature of the liquid — 26°C 

Radius of the tube T — r = 1.22 cms. 

Radius of the beaker = iZ s= 3.28 cms. 

Mean H = 4.280 cms. 

Length of the plate — I = 1.650 cms. 

Thickness of the plate — t = 0.101 cm. 

Density of benzene = p = 0.876 gm./c.c. 

g = 980 cm./Sec^ 

Surface tension =7 = 28.08 (± 0.088) dynes/om. from equation (4). 

The accuracy of our method (0.32%) may be compared with that obtained 
by Sugden (1921) with the capillary tube method whore it is stated that the 
possible errors in the method may amount to 0.3%. 
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150 KV COCKCROFT-W ALTON TYPE 
PARTICLE ACCELERATOR 
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ABSTRACT. Uetaila of the 160ICV Cookoroft-Walton type partiole aoceleratoi-, 
which has been constructed in this laboratory, are given. Use of radio-freqiioncy lon-sourco, 
and 250KV‘ isolation transformer for supplying voltage to the various circuits in the ion-sourcc 
head, are its mam features. A steady current of protons of more than 100 micro-ainpercs at. 
tlio targot has boon obtained. 


INTRODUCTION 

A low voltage Cockcroft- Walton (C-W) type particle acceloraW can be 
utilized excellently for the production of neutrons from the exothermic reactions 
viz., D (d, n) He®* and D (t, n)He^. This gives a cheap and copi on si source of 
monoenorgetic neutrons of about 2.8 Mev and 14 Mev energy respectively from 
tho two reactions. To start work in neutron reactions, we have constructed 
a 0-W typo accelerator in our laboratory, details of which are given below. 

Figure 1 shows the block diagram of the C-W accelerator which is self ex- 
planatory. 



Pig. 1. Block diagram of the 160ICV cockoroft- Walton type particle accelerator, 

icokV power supply 

For the generation of 160 KV, we have a Beta-electric company’s power 
supply (Beta Electric Corp. New York, N,Y.) Model No. 2160-211 (2-6-1) which 
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is based on a standard doubler circuit. Three transformers of 60KV eS/Ch, in 
series, serve as the main high voltage transformers, and the two special X-ray 
tubes Eureka EV-3-75-T as the rectifier tubes. All the components of tho high 
voltage power supply are x>laced inside a box 30" X 30" x 30" filled with Burma 
Shell Biala-B oil. The high voltage can be varied from 0-150KV, with the help 
of a variac in the control panel, which is meant for operating the power supply 
from a distance. 

Safety measures include tho following ; (i) On over-voltage or over-load the 
high voltage is automatically removed, which can bo put on again only if one 
starts from zero voltage. (2) Two inter-locks insure that no person can approach 
the high voltage side, without putting off tho high voltage. (3) Spark-gaps 
inserted in the various points of the circuit, remove the momentary surges 
without damaging the main components. (4) When the high voltage is switched 
off, the high voltage point is automatically earthed. 

ION SOURCE AND ASSOCIATED CIRCUITS 

Our ion-source is essentially tho same as that of Moak, Beese and Good (1961), 
the only difference being that the pyrex envelope of our ion-source is of a little 
bigger diameter than that of theirs. The ion-source base is connected through 
a palladium tube to a cylinder containing the gas to be used in the ion-source 
i 0 . dydrogen or deuterium. By controlling the temperature of the palladium 
tube, the flow of the gas to the ion-source is regulated,. A variable 24 volts 
A.C. transformer is used for this purpose. A lOOMC oscillator of the same type 
as that of Moak, Reese and Good (1951) excites the discharge in the ion-source. 
A variable 1000 volts positive power sujiply provides tho voltage to the oscillator. 
A variable i) 08 itive voltage of 0-5000 volts is ai)plied to tho probe on the top of 
the ion-source to dii'ect the positive ions towards tho cathode. A coil of 2^" 
internal diameter consisting of 1400 turns of no. 22 enamelled copper wire serves 
as the magnet. It serves the purpose of increasing tho path length of electrons 
in the ion-source and hence intensifies the discharge. The current of this is 
supplied by a 60 volts 3 amperes power supply, using selenium rectifiers. 

All the ion-source accessaries are placed inside an aluminium box 6^ X 3^ X 3^ 
with rounded exteriors. The output from the 160KV power supply is connected 
to the box through a special insulated cable. Since the whole box is at high 
voltage, it is essential to insulate the A.C. voltage supplied to the various circuits 
in the box. We have achieved this by a 2KW isolation transformer of 220 volts 
primary and 220 volts secondary with 250XV insulation between the primary 
and secondary. The isolation transformer placed in a container having nearly 
80 gallons of Diala B oil is put just below the aluminium box. It was considered 
more advantageous to use this isolation transformer than the usual method of 
an A.C, generator in the box, driven by a motor below through an insulated 
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belt etc. Iq our case, we are saved of the jerks to the box and 1 be accelerating 
column. 

ACCELERATING COLUMN 

The accelerating column consists of alternate conducting and insulating 
sections. The insulating sections are porcelain cylinders each of 21 " length, 
6 " internal diameter and of 2" thickness. The two ends of the cylinders are 
ground flat. The remaining surface is glazed to ensure absence of porousness. 
The conducting sections are stosl plates with holes in the centre, placed between 
these insulating cylinders. The joints are made vacuum-tight by a special cement 
i.e. Epibond (obtainable from Furnace Plastics, Los Angeles, California, U.S.A.) 

The final accelerating column consists of 4 sections with an over-all length of 
11 inches. The two extreme faces of the column were further joined to t/wo circular 
steel plates of 18" diameter, with a hole of 6^" diameter. Three perspex rods 
were fixed between these plates at the periphery to increase the mechanical 
strength of the accelerating column. - \ 

The metal plates carry cylindrical electrodes at their centre. These electrodes, 
which can be fitted from out-side, shape the electric field along the tube axis, 
so as to accelerate and focus the charged particles, At the same time they are 
designed to shield the tube walls from the stray ions. 

150KV is distributed over a chain of resistors of 1200 Meg ohms. The tapping 
after every 300 Meg, ohms is connected to the cylindrical electrodes inside the 
accelerating column. , ‘ 

The positive ion beam from the ion-source is extracted by placing an electrode 
just below the ion-source hole to which a negative voltage with respect to the 
cathode of the ion-source is applied. The negative voltage can be varied from 
0 to 16KV. This electrode also serves as the main focussing electrode. 


INSULATION 

The box with ion-source aecessaries weighing about 600 lbs is supported by 
four perspex pillars which also serve the purpose of insulating the box from the 
ground. As these pillars were not commercially available, four perspex sheets 
(obtainable from ICI) were joined together by perspex screws and were turned 
on a lathe to get circular pillars of 4" diameter. Though the pillars are of 4 feet 
height, the nearest distance of the box from the electrical ground is one foot. 

VACUUM SYSTEM 

The vacuum in the whole system is maintained by an MCF-700 oil diffusion 
pump of capacity 650 ht/sec. with a backing Duo-Seal mechanical pump of capacity 
380 ht/min. A freon gas cold trap just above the diffusion pump is used to cool 
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the oil vapours. Pressure of the order of 10“® mm of mercury is maintained in 
the whole system. Even when satisfactory vacuum-tightness has been obtained, 
a high pumping speed has to be maintained, as the ions admitted for acceleration 
are always accompanied by neutral gas which would build up a pressure. An 
NRC typo 501 thermocouple gauge and a 607 ionization gauge are included in 
the system just above the cold trap to measure the pressure. 



Fig. 2. A photograph of the 150KV Cockcroft-Walton type particle accolorator. 

The various parts in the vacuum system after the accelerating column are 
(i) A ‘T’-shaped copper tubing which connects the diffusion pump to the main 
vacuum system side. (2) A metallic system containing a vacuum-tight valve which 
by manual operation from out-side can separate the system on the acceleration 
column side from the target side. This portion also contains a second valve to 
let in air or pump the target side when necessary. (3) A metallic bellow to adjust 
target to bring the beam in the centre. (4) The target end which includes a 
quartz piece and a side window in front of the quartz to see the flourescence 
pattern of the beam when it falls on the quartz. The actual target is put on 
the end of this piece. 

Whenever A.C. mains supply fails or at night when no body is attending the 
accelerator, a convertor run on the D.C. battery set, available in the laboratory, 
is used to keep the mechanical pump running. Also included in the diffusion 
pump heater- circuit is an automatic swith, so that if the water supply to the 
diffusion pump fails, the heater voltage should go off. 
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CONTROL ROOM 

The voltage of the various power supplies iuside the box containing ion-source 
accessaries are varied from the control room with the help of perspex rods. These 
rods are fixed to the variacs in the input of the power supplies on one side, and 
to the control knobs in the control room on the other side. By rotating 
these rods from the control room, the variacs can be adjusted to give the desired 
voltages in the power supplies. The control room also contains (1) : Control panel 
for 150KV power supply. (2) Ionization guage circuit to measure vacuum in 
the system. (3) Beam current integrator etc. (4) A telescope to read the various 
meters in the box, through a hole in the wall of the control room. (5) Detecting 
equipment. 


OPERATION 


The accelerator has been in operation for the last many months, using a proton 
beam. Beam current of protons of more than 100 micro-amperes mas been 
obtained on the target, about 6 feet away from the ion-source. Beam can be 
kept steady continuously for many hours. No insulation breakdown \ troubles 
have been encountered. 
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EVIDENCE FOR FORMATION OF MOLECULAR GROUPS 
IN LIQUIDS AT LOW TEMPERATURES* 

G. S. KASTHA 
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Caloutta-32 

{lie.csiv&d for puhlimtiony July 24, 1968) 

ABSTRACT. Tlrie intonsity-distribuiyion in the wing aouompanying the Rayleigh lino 
soattered. by pyridine, o-pioolino, o-cresol, o-chlorophonol and p-xylono at teinjjoratiires near 
about tho freezing points of the liquids has boon studied by the method of photographic 
spectrophotometry and it has been compared with that observed at higlior temperatures in each 
case. It baa boon found that in all the casea tho mtonaity of the wing in the region from the 
contro of the Rayleigh line upto a distiuico of about 26 cm~*^ decreases with tho lowering of 
temiieratuie and al, tho lower toinperaturo thero appear in tho wing at distances beyond 
45 cm“> from the Rayleigh lino additional intensitioa from new sources. The intensity of the 
wing boyond 46 cm“i due to the liquid at low tomporatures has boon compared with the 
intensity of tho low-frequency Raman lines observed in the region 46-137 cur ’ in the spectra 
duo to tho frozen liquids. It has been ooricludod that the additional intonaity montionod 
above may arise fioiii vibration in groups of loosely attached molecules formed in the 
liquid near its freezing point and that the size of these groups and also tlio strength of tho 
iniermolecular bond in the groups increoso with solidification of the liquid. 

INTRODUCTION 

The inteiisity-distributiou in the wing accompayhig the Rayleigh radiation sca- 
ttered by various substances in gaseous and liquid states has been studied by many 
workers and different workers have put forward different hypotheses to explain 
the origin of the whig. Bhagavantam (1933) pointed out that most of the liquids 
cannot be treated as aggregates of freely rotating molecules and as such the theory 
developed in the case of gases does not apply to tho liquids. From theoretical 
considerations he suggested that the intensity in the wing due to the liquids 
might arise from superposition of contributions from the partly gas-like and 
partly sohd-like character of the Uquid state. Gross and Vuks (1935), on the other 
hand, attributed the origin of the wing to vibrations of lattices in quasi-crystalline 
liquids analogous to those in the solid state. Later, Bhagavantam (1936) postu- 
lated that tho hindered rotation of molecules pivoted in the lattice-like structure 
of the liquid was responsible for the occuiTence of the wing. Rousset (1936), 
however, pointed out that for tho amplitudes of hindered oscillations proposed 
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by Bhagavantam (1935), the intensity of the wing for large frequency-shiftB 
would be quite negligible and postulated the udluence of formation of cybotactic 
groups in the liquid state on the rotational energy levels of the freely rotating 
molecules. He also considered the broadening of the exciting Rayleigh line 
duo to the fluctuation of the intermolecular fleld caused by the impact of neigh- 
bouring molecules on the scattering centres as pointed out by Cabannes and 
Rocard (1929). Sirkar (1936) and Sii'kar and Mookerjee (1936) made thorough 
investigations of the intensity-distributions in the wings due to some aliphatic 
and aromatic organic compounds in the liquid state and in sloutions and pointed 
out that the results obtained by them were not in complete agreement with the 
hypotheses put forward by the previous workers mentioned above. Sirkar and 
Mookerjee (1936) concluded that the intensity in a portion of the wing near the 
Rayleigh lino might be produced by both rotational Raman scattering and broaden- 
ing of Rayleigh line duo to fluctuation ol intermolecular field as point ad out by 
Cabannes and Rocard (1929), and the other portions of the wing might be duo 
to vibrations of associattid groups of molecules present in the liquid state. They 
also showed that the intensity in the wing depends on the anisotropy ana nature 
of grouping of the molecules in the liquid state and that the major portiop of the 
wing is in no way connected with the new Raman lines which are observed in 
the low-frequency region in the case of the solid stale. Similar conclusions were 
also arrived at by Pniewski (1938a, b) from results of investigations on the wing 
due to carbon disulphide, chloroform and carbon tetrachloride. Gross and 
Raskin (1945) suggested that vibrations of molecules in the liquid analogous to 
those of the molecules in the lattice might give rise to the wing. Raskin |(1948), 
however, concluded more recently from the results of investigations on tho low- 
frequency Raman lines and the wing accompaying Rayleigh line due to phenol 
and diphenyl methane that the phenomenon ol the wing cannot be treated as 
evidence of persistence of quasi-crystalhiie remnants in the liquid state. 

The different hy[)othescB mentioned above do not seem to agree with each 
other completely and it appears that no single hypothesis is sufficient to explain 
the orign of the whole portion of the wing satisfactorily. So, it was intended 
to test the correctness of tho various view points and to obtain some information 
which might lead to an unequivocal conclusion regarding the origin of the 
different portions of the wing. For this purpose the dependence of distribution 
of intensity in the wing due to a few typical aromatic liquids on temperature 
has been investigated quantitatively and the results have been discussed in the 
light of the various hypotheses mentioned above. 

EXPERIMENTAL 

In order to study the distribution of intensity in the wing due to any liquid 
at different temperatures ranging from — TO^G to. 150°C, three different a^ange- 
ments were mode. The experimental arrangement used in photographiag the 
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Bpectra ol the light scattered by the liquids at temperatures below 0°0 was the 
same as that used for studying the wing due to liquid oxygen (Kostha, 1954). 

A mixture of liquid oxygen and ethyl alcohol at a definite proportion was used 
to obtain a bath at a particular low temperature which was measured with a 
pentane thermometer, For temperature above 0‘^C but below 20° C, the Dewar 
vessel and the liquid container were replaced by a double jacketed Wood’s tube 
through which cold water maintained at proper temperatures was circulated 
with a pump. The temperature of the outgoing water was , measured and kept 
constant within 1°C. For temperatures above 100°C the liquid in its container 
was placed in a cylindrical heater provided with two long slits parallel to the axis. 

The liquids investigated wore pyridine, a-picolino, o-cresol, o-chlorophenol 
and para-xyleno. Those wore supplied by E. Merck, Fischer Scientific Co. and 
B. D. H. Each of the liquids was fractionated and the proper fraction was 
repeatedly distilled under reduced pressure to make it dust-free. 

The spectrograph used in the present investigation has a dispersion of about 
11 A.U./mm in the region 4047 A.U. and on the Stokes side the line is absolutely 
free from coma. This line was therefore chosen to study the distribution of 
intensity in the wing due to the liquid at different temperaturores. 

The same sht width was used throughout the investigation. Ilford Zenith 
rplates were used to photograph all the spectra and since a quantitative measure- 
ment -of intensity was aimed at the exposures were so adjusted as to give a clear 
.background and Raman lines of suitable dermities in the spectrograms. 

'The microphotometric records of the various spectrograms were taken with 
a Ripp and Zoncn self-recording microphotometer of the Moll type using a 8 : 1 
magnification ratio. 

The details of the method followed in converting the blackening due to the 
wing and the Raman lines into intensity readings and for obtaining the relative 
intensity-distribution in the wing taking into account the widening of the Rayleigh 
line, wore the same as described in an earlier paper (Kastha, 1964). The intensitieB 
I at distances Av from the centre of the Rayleigh line 4047 A.U. due to any 
of the liquids at a given temperature were compared with the intensity of a suit- 
able Raman line {Jr). The lines 654 cm-^ in the case of pyridine and the line 
810 cm“^ in the case of a-picoline were used as the reference Raman lines. The 
Raman lines 680, 760 and 647 cm-^ served as reference linos in the case of 
o-chlorophenol, o-cresol and ^j-xyleno respectively. The values of I^pIIr were 
plotted against the distances Av from the centre of the Rayleigh line to obtain 
the true intensity-distribution in the wing for the liquid at the particular tem- 
perature. Such data obtained for the liquid at different temperatures furnished 
information regarding the dependence of the intensity of any portion of the wing 
jon temperature. 

4 
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RESULTS 

The curves showing the distribution of intensity in thd wing aooonipa3dng 
the Hg line 4047 A.U, scattered by the liquids at different temperatures are 
reproduced in figures 1-5. The changes in the intensity-distribution which 
take place with change of temperature of the different liquids studied in the 
present investigation are stated below. 



(a) Pyridine : It can be seen from figure 1 that the intensity in the wing 
due to pyridine at 40°C is large at distances less than 25 cra~i and beyond this 
distance it gradually decreases with increasing distances from the centre of the 
Rayleigh line. When the temperature of the liquid is raised to 110° C the intensity 
of the portion of the wing lying within 40 cm“^ from the Rayleigh line increases 
remarkably while that of the portion beyond 40 cm“^ increases only slightly. 
When the liquid is cooled to -40° C the intensity-distribution in the wing changes 
completely and the intensity at each point in the wmg upto 90 cm”^ is reduced 
considerably. It is also found that at -40°C throughout the region between 
45-90 cm“^ the intensity at different points is almost the same, but beyond 
90 cm“^ the intensity at any point in the wing is larger than that observed in 
the case of the hquid at 40°0. The wing however extends upto 140 cm“^ at 
both the temperatures. 
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(b) OL’-picoline : It is seen from figure 2 that tfie intensity-distribution in 
the wing due to this liquid at 40” C is similar to that observed in the case of pyridine 
at the same tomperatxire. When the liquid is cooled to -70”C the intensity 
in the region very near to the Rayleigh luie is greatly reduced and an inflexion 
in the intensity -Av curve appears at about 46 om~^, beyond which the intensity 
slowly decreases to zero at about 105 cm~i. 

(c) 0 ‘Gresol : In this case when the liquid is super cooled to 2'’C (figure 3) 
the intensity of the wing close to the Rayleigh line is greatly reduced and an 
inflexion in the intensity-distribution curve appears at 46 cm-^. The intensity 
of the wing beyond 46 cm"^ falls off rapidly and becomes negligible at about 
110 cm-i. 

(d) o-Ghlorophenol I In this case the intensity-distribution in the wing 
due to the liquid at 40“C and 2°C shown in figure 4 is similar to that observed in 
the case of pyridine at 40°C. The intensity-distribution curve for o-chloro- 
phenol at -10°C is similar to that in the wing due to pyridine at — 40°C, but in 
the former case the intensity extends upto 120 cm"^. 

(e) p-Xylene : It can be seen from figure 6 that the intensity-distribution 
curves duo to p-xylono at 2”C and 15°C respectively mterseut each other at about 
26 cm"^ and that the intensity beyond 26 cm^'^ from the Rayleigh line increases 
while that in the portion nearer to the Rayleigh line diminishes considerably 
when the liquid is cooled to 2°0. 

DISCUSSION 

The results described above indicate that in all cases the intensity in the 
region adjacent to the Rayleigh lino is very large and it increases rapidly 
with the rise of temperature of the liquids and diminishes considerably when 
the temperatures of the liquids are lowered. The intensity at large distances from 
the Rayleigh line, however, increases in the case of p-xylene and p 5 rridino and 
diminishes in other cases when the fiquids are cooled to low temperatures. The 
above-mentioned changes in the intensity of the portion of the wing near to the 
Rayleigh line, with change of temperature of the liquids, suggest that a part of 
the intensity in this portion of the wing may be due to rotational Raman 
scattering. Another part may arise out of contributions from Rayleigh 
radiation broadened in the process of scattering of light by molecules in 
motion due to collision as suggested by Cabannes and Rocard (1929). Accor- 
dinS to the theory of rotational Raman scattering the intensity of the wing 
would be zero at the centre of the Rayleigh fine and a maximum of intensity in 
the ^ing would be expected at distances varying from 8 cm“^ to 18 cm^^ from the 
centre of the Rayleigh fine due to the different fiquids studied. On this 
would be superposed the intensity of the edges of the broadened Rayleigh 
radiation mentioned above, The relative contributions to the intensity of the wing 
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from these two causes cannot be determined from the results obtained, because the 
intensity-distribution in the wing at distances less than 16 cm~^ from the Rayleigh 
line could not be determined on account of insufficient dispersion of the spectro- 
graph used and the blackening produced in the neighbourhood of Rayleigh 
line due to scattering in the photographic emulsions. Since the forces hindering 
rotations and other type of movements of the molecules increase with lowering of 
temperature of the liquid, the intensity of the portion of the wing close to the 
Rayleigh lino is expected to decrease when the liquids are cooled to low tempera- 
tures. However, the increase in the intensity of the wing beyond 26 cm~^ and 
90 cm~^ in the case of p-xylene at 2°C and pyridine at --40°0 respectively indicates 
clearly, that the intensities in these regions of the wing are not wholly due to rota- 
tional scattering or to broadening of Rayleigh line arising out of molecular colli- 
sions. Moreover, since it is known that almost all the molecules of o-cblorophenol 
in the liquid state exist as dimers at room temperature (Pauling, 1945, Sirkar 
et al., 1958) and the motion of these dimers is hindered to a greater ement when 
the temperature of the liquid is lowered, the intensity in the wing at \ distances 
beyond 60 cm“^ from the Rayleigh line which diminishes only slightly with lower- 
ing of temperature to -10°C, camiot bo due either to rotation or to collisions 
of the molecules. Thus it seems plausible to assume that a major part of the 
intensity of the wing at distances beyond 50 cm“^ from the Rayleigh lino observed 
in the present case originates from vibrations of groups of molecules which are 
formed in the liquids at low temperatures and since some of these groups of 
molecules would be expected to break up with increase of temperati^'es the 
contribution duo to vibrations of such groups to the intensity' of the pari of the 
wing mentioned above, would diminish at higher temperatures. Also, as there 
is some contribution to the intensity in this part of the wing from rotational 
scattering these groups are small enough to permit rotation of other free single 
molecules. It must be pointed out, however, that these groups are different 
from the cybotactic groups postulated by Rousset (1935). Since the latter groups 
give rise to X-ray diffraction haloes, the size of the groups must be large and 
as such groups are continuously formed and broken within the volume of the 
liquid the binding forces between adjacent molecules in those groups are small 
and the intensity of the wing at large distances from the Rayleigh line cannot 
be attributed to any intermolecular vibration in such groups. Moreover, the 
appreciable intensities beyond 60 cm“^ observed in the wing due to these liquids 
at low temperatures indicate that the groups are formed by molecules attached 
to each other through weak linkages. These forces are stronger than the Van 
der Waals’ forces but much weaker than the forces due to regular bonding. 
The continuous nature of the scattering due to vibrations in such groups in the 
liquid may be due to the fact that the frequencies of vibrations of these groups 
of molecules overlap each other on account of fluctuations in the strength of 
binding due to impact of neighbouring molecules. Formation of such groups of 
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molecules in the liquid state was also inferred by Sirkar and Mookerjee (1936) 
from results of investigation of the wing due to a few organic liquids in the 
pure state and in solutions and by Pniewski (1938a, b) who measured the inten- 
sity in the wings due to CSg, CHClj and CCl*. 

In this connection it would bo interesting to compare the intensity-distribution 
in the wing due to the liquids at low temperatures with the intensities and 
positioias of the low-frequency Raman linos which are observed in the spectra 
when the liquids are solidified. For this purpose, the positions of the low- 
frequency lines and their intensities estimated visually with respect to the 
intensity of a Raman lino chosen in each case for obtaining the intensity-distribu- 
tion in the wing due to the liquid are given in Table I. The figures in paren- 
theses indicate these mtensities. 


TABLE I 


Substance 

Hoferenco Raman line (R) 
A** in cm-i 

Low-frequency Raman lines 

A*' in om"'i 

Pyridine (-18()°C) 

(Kastha, 1969) 

654 

58 (1) 

82 (1) 

97 (1) 137 (4) 

«-Pinoline ("-ISO^C) 
(Kastha, 1957) 

810 

46 (1) 

70 ii) 

94 (1) 

o-Chlorophonol (-SO^C) 
(Biswas, 19.54a) 

080 

51 (J) 

63 (4) 

94 (lb) 

o-Crosol (-30"C) 

(Biswas, 1956) 

750 

46 (4) 

90 (lb) 


2 ?-Xylone (-SO^C) 

047 

65 (4) 

91 (4b) 



(Biswas, 1954b) 


It can be seen from Table I and figures 1-6 that the low-frequency linos appear 
in each case in regions which correspond to those in the wing due to the liquid 
state at low temperature in which there is continuous Raman scattering which 
has been attributed to vibrations in groups of molecules. Also, the low-frequency 
lines are not observed in other regions in which the wing has no appreciable 
intensity. These facts suggest that the same groups of molecules which are 
responsible for the intensity observed in the wing beyond 45 cm“^ due to liquids 
at low temperatures ai'e also responsible for the origin of the low-frequency lines 
which appear in the spectra when the liquids are frozen. It can be seen from 
figures 1-6 and Table I that the intensity of the low-frequency lines taken together 
is much less than the aggregate intensity of the wing beyond 45 cm"^ in all cases. 
Since the variation in the strength of binding among the molecules in the ^groups 
due to impact from neighbouring molecules ceases as the liquids are frozen, the 
frequencies of vibrations due to these groups are expected to become discrete in 
the solid state. The dimunition in the intensity of these lines may be explained 
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in the following way. When the liquid is frozen the groups of molecules mentioned 
above may link up with other neighbouring groups to form larger aggregates in 
the solid state. In some modes of vibrations of the groups in the liquid state 
involving angular motions, the tjhange in the polarisibility produced in some 
of the smaller groups of molecules diminishes enormously in the solid state 
because of restriction of such modes in the larger groups. Also the scattering 
arising from rotation of some individual molecules still present in the liquid state 
ceases completely with solidification of the liquids. These two reasons taken 
together may account for the feebleness ol the low-frequency lines compared to the 
intensity of the part of the wing beyond 46 cm“^ due to the liquids at low 
temperatures. 

These results thus indicate the formation of groups of molecules in the liquid 
state and increase in the size of these groups with solidification of the liquids. 
The large frequency-shifts of the low-frequency Raman lines also indicate that 
the binding forces between the molecules in these groups are much larger than 
Van der Waals’ existing m the liquids at ordinary temperatures. If the melting 
point of the crystal be slightly below the room temperature, groups of molecules 
may be present in the liquid even at the room temperature, as in the' case of 
diphenyl ether (Sirkar, 1936). 
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ON THE ELECTRON PRODUCTION RATE IN THE 
Fa REGION OF THE IONOSPHERE 

S. DATTA 

Institui’e of Kadio PHyaioa and Electronics 
92, Upper CmoirijAR Koad, Calcutta-9 

ABSTRACT.. A column of unit cross sootion of tho Pg region extending from the 
“bottom” to tho height of its maximum eloctron density is divided into four columns of equal 
length. Moan production rate in each of the columns is calculated. For this purpose, diurnal 
variation of tho total number of electrons in each of the columns and tho height variation 
of the attachment coefficient suggoated by RatclifFo et al (1950) are utilised. 

This method of computation leads to a regular consistent diurnal variation of the electron 
production rate with a single peak at about half an hour before noon time and oliinina+es 
the anomalous results tliat are sometimes obtained whon other methods of computation are 
employed. 


INTRODUCTION 

The electron production rate q{h) in iho F 2 region of the ionosphere at any 
hoigiit h may be calculated from the equation : 

q(h):=^^+K(h)-N\k) ( 1 ) 

where N(h) is the electron density and K{h) is the loss coefficient at the height 
/t, the value of k depending upon the electron loss process is 1 or 2. 

One may also consider the mean production rate q. This computation (Datta, 
1957) is based on the diurnal variation of the total number of electrons n in a 
column of unit cross section from the “bottom” to the height of maximum electron 
density. The equation utilised is 

) -y^ ( 2 ) 

whore a is the mean recombination coefficient and layer semithickness. 

For parabolic distribution of electron density a = 1.2 and under equilibrium 
conditions q = yy where a,^ and qin, are the recombination coefficient and 
electron production rate at the height of maximum electron density. 

To determine q(h) from Eq. (1) one assumes either a fixed value of tho loss 
coefficient or its symmetrical diurnal variation. When calculations are made 
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with the latter assumption the g{h) values so determined show necessarily diurnal 
symmetry having anomalous midday dip and sometimes zero, even negative 
values. This happens^ in particular, at the maximum electron density height 
due to the well-known midday ‘‘bite out” in the diurnal variation of maximum 
electron density in the F 2 region. Both the calculations, namely, that assuming 
symmetrical diurnal variation and that with a fixed value of the loss coefficient 
are aifected by the bodily movement of the layer as a whole and by dilution and 
contraction of the layer due to thermal changes and electronic drift. 

When computations are made from the diurnal variation of n utilising Bq. (2) 
the anomalous negative and zero values of the electron production rate obtained 
at the height of maximum electron density height, disappear. The anomaly of 
middy dip in the diurnal variation of the production rate, however, x^ersists though 
less markedly. The method also minimises the effects of dilution and/ of contrac- 
tion of the layer duo to thermal changes and electronic drift on the i prod notion 
rate computation. However, it does not give any information about production 
rate variations at different parts of the Fg region. \ 

In the method of analysis, as presented m this paper, a column of unit cross 
section extending from the “bottom” to the height of maximum electron density 
is divided into four columns of equal length and mean electron production rate 
in each of the columns is computed from the diurnal variation of the total number 
of electrons in each of the columns. Effects of layer movement as a whole, and 
layer contractions and dilution due to thermal changes and electronic drift are 
then minimised, since the computations are from the total number of electrons 
in unit column in some definite fraction of the layer thickness, irrespective of 
the total layer thickness and the layer height. The data actually used for 
computaliou for the Fg region were those of Slough : mean hourly values of 
N{fi) at a series of heights for the month of January, 1960, on international quiet 
days computed by Schmerling and Thomas (1956). For the height variation 
of the attachment coefficient that suggested by Ratcliffe et al. from night time 
observations over Slough, Watheroo and Huancayo, was utilised. “Tables of 
Fa-layer Electron Density on International Quiet Days” were obtained from 
Radio Group, Cavendish Laboratory, Cambridge, England. 

It is proposed to make a similar analysis in a subsequent paper for the Fg 
region over Haringhata when the work, already in progress in this laboratory 
for the determination of the distribution of electrons in “mean quiet Fj-layer” 
and a model for the height variation of the loss coefficient over Haringhata, is 
completed. 

THE METHOD 

A column of unit cross section extending from the “bottom” of the Fg region 
to the height of maximum electron density is divided into a number of columns 
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of equal length. Let % be the total number of electrons in the rth unit column 
— the first column being the lowest one. Then 

r.T. 

^ X 

j S(h)-ah ... (3) 

where T is the thickness of the layer from the “bottom” F.^) to the height 
of maximum electron density (hf^F^) when height is measured from the bottom 
of the layer and x is the number of equal unit columns. It is to be noted that the 
total number of electrons n in'^the unit column extending from the “bottom” 
to the maximum electron density height is given by 

hiti F^ X 

m = I N(h) ... (4) 

1 

In case of a parabolic region, it can be shown that 

i [ 1 — ^ 1 

where T is the semi-thickness of the parabolic region and N„t is the maximum 
electron density. 

The diurnal variation of Uf is governed by the equation 

= «,-£, ... ( 6 ) 

where Q, is the total production rate and is the total loss rate in the column 
considered and they are given by 


Q,= ^q{h)dh ... ( 7 ) 

(»-l) ^ 

^ X 

and i,= f g:(A).iV»(ft)dA ...(8) 

(r - 1)-| 

h = \ when the electron decay process is attachment type, 
and ifc = 2 when the electron decay process is recombination type. 
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If qf bo the mean electron production rate in the rth column, then 


= - ( 9 ) 

Thus from the diurnal variation of w,. and the values of Lf^ Qf [from (6)] 
and hence the moan rate of production qf [from (9)] can be computed. 

Values of Uf and Lf may be calculated by numerical integration utilising 
Eqs. (3) and (8). These computations obviously require knowledge of the height 
variation of the loss coefficient K{h), height distribution of electron density 
N{Jh) and the electron decay process. 


IIESUT..TS 


Kecent work of Ratcliffe et al. indicates that the electron decay /process in 
the ^-region above 240 Kin is of the attachment type. From night time observa- 
tions (RatclifFe 1956) over Slough, Huancayo and Watheroo they conriude that 
the attachment coefficient K(h) at a height h between 250 Km and 350 Km is 
given by \ 

300- 


K{h) = 10-* • exp ( ) 


(10) 


For our purpose, Eq. (10) is extrapolated to a height of 200 Km as shown in 
figure 1. 



Fig. 1. Variation of the attachment coeffioiont with height. 

A column of unit cross section from the bottom to the height of maximum 
electron density in the Fg region is divided into four columns of equal length. 
From the ‘‘Tables of F^-layer electron density on international quiet days”, 
height distribution of electron density for every hour was drawn and total number 
of electrons in each of the four columns was calculated by Simpson’s rule for 
numerical integration. The diiimal variation of the total number of electrons 
in a column of unit cross section from the bottom to the height of maximum 
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electron density is shown in figure 2. figure 3 shows the diui'nal variation of the 
numbers n-j, and of electrons in the Ist, 2nd, 3rd and 4th columns respec- 
tively when taken in order from the bottom. 



Fig. 2. Diurnal variation of tho total number of electrons in a column of unit cross section 
extending from tho bottom to the heiglit of maximum electron density. 



I'ig. 3. Diurnal variation of the number of electrons Wj, n.^, n,^ and W 4 in tho Ist, 2 nd, 3rd 
, , and 4th columns respectively when taken in order from tho bottom. 

Hourly values of the loss rate in each column were also calculated by numerical 
integration utilising Eqn. (8) by Simpson’s rule. K{jh) values given by (10) 
were used for the purpose. 

To obtain half hourly values of for each of the columns, a linear change 

between the hourly values of Uf was assumed. For each column, mean of the two 
hourly values of Lj. was taken as the half hourly value between the two hours. 
Thus half hourly values of mean production rate in each column were calculated 
from Eqs. (6) and (9). The diurnal variations of mean production rates jg, 
g'a And'g 4 ^ the 1st, 2nd, 3rd and 4tb column respectively are shown in figure 4. 
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L.M.T. ► L.MT. 


Fig, 4c. Diurnal variation of mean production rate gj, q^, gs and in the Ist, 2nd, 3rd and 
4-th columns respectively when taken in order from the bottom. 

The production rate ^ of the electrons in a column of unit cross section from 
the bottom to the height of maximum electron density height is given by 

0 = (Ji+ffs+Ss-f 94 ) — (U) 

Figure 6 shows that diurnal variation of the prouotion rate Q. Figure 6 shows 
the diurnal variation of the mean electron production rate QjT m the Fg-region. 
For comparison the value of Q from the hypothesi§„of Bradbury (1938) for the 
formation of the Fg-layer, may be calculated as follows. 

If a gas of constant scale height B. is ionized by a monochromatic radiation, 
then the value of q{h), when the solar zenithal angle is Xi ^ given by the 
expression due to Chapman (1931a) 

q{h) = go exp (1— Z— e"'* sec x) 


(12) 
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i^’ig. 5. Diyrnal variation of eleotroii 
production rato Q in a column of unit 
cross section ex tending Irom the 
bottom to the height of maximuni 
electron density. 


h’lg. 6. Dmrnal variation of the mean 
electron production rate QjT in tho 
Ka-rogion. 


Half hourly values of electron production rato Q in a column of 
unit cross section entending from bottom of the F2 region 
to the maximum electron density height 

TABLE I 


Hour 

QXIO- 

h. M. T. 

per om'-* pe 

0630 

13 

0730 

61 

0830 

106 

0930 

163 

1030 

141 

1130 

161 

1230 

151 

1330 

127 

1430 

86 

1530 

102 

1630 

86 

1730 

33 


where Z= 

H 


and Hq is the height of maximum production rate when 


a; = o. 
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Aocording to Bradbury, and Fg layers are both produced by the same 
ionization process with the height of peak production rate near the level of Fj 
layer peak and the Fg layer peak is formed due to the rapid decrease of the 

electron loss rate above Fj layer. According to this hypothesis the value of Q 
in the Fg region when the solar zenithal angle is j\;, is given by 

Q = j q{h)dh = 5 u Hcos ;^{exp (1— Bec;^)— exp(l— e-^isec;^)} ... (13) 

KFz 

where Zg = 

H 

and Zi = 

H 

According to Ratcliffo et al 

g'o = 280 (1 + 1.4x10-®^) cm-® . seo"^ ... (14) 

where R = monthly average relative Zuric'h sunspot number. 

Jiq = 180 Km and ^ = 45 Km. 

For the month of January 1950 (^ — 100) at Slough, the value of Q at noon 
from the expression (13) is found to be lOtfxlO'^ cm“® sec."^ while the value of 
Q at noon shown in Table I is 151x10’ cm.-® sec.-^ 


CONCLUSION 

Diurnal variations of mean electron production rate in different parts of the 
Fg region, when computed by taking account of the height variation of attach- 
ment coefficient suggested by E-atcUffe et al. show quite consistent results. The 
mean production rates have all maximum near about 1130 hr. Unlike other 
methods of electron production rate computation, this method does not 
lead to anomalous value or midday dip in the diurnal variation. 
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DIPOLE MOMENTS OF SOME SUBSTITUTED BENZENES 
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ABSTRACT. Tho dipole moments of six ethyl substituted bonzonoe were determined 
in dilute solution in benzene. The effects of methyl and ethyl groups on other jSiibstituentR 
in the benzene rmg have been discussed in the light of tho observed momonts.l 

INTRODUCTION 

A large number of methyl substituted benzenes have been investigated both 
in vapour and solution phases and their dipole moments determined. Using 
the dipole moment data, the structure of the methyl benzenes has been extensively 
discussed in regard to their effect on other substitutions and their inductive 
and resonance effects on the benzene ring itself (Smyth and Lewis, 1940). Similar 
investigations have not so far been carried out with ethyl substitution, Only 
two of those, namely, ethyl benzene and pentachloro ethyl benzene haye been 
studied (Baker and Groves, 1939 and Smyth and Lewis, 1940). In the present 
investigation the dipole moments of six ethyl substituted benzenes have been 
doteTniined in dilute solution in benzene, in order to understand the effect of 
replacing the methyl group with ethyl group in the benzene compounds. 

EXPERIMENTAL 

Tho experimental arrangement and the method of calculation are the same 
as described previously (Murty, 1957). All tho ethyl benzenes were supplied 
by L. Lights and Co., England and were of analytical reagent standard of purity. 
The solvent benzene was also of A.R. grade of purity. Tho group moments and 
polarisabilities used in tho calculation are given below. 


Group 

Moment 

Polariaability 



a X 101*0 CO 

Cl 

1.65 

2.61 

Br 

1.60 

3.63 

CaHr, 

0.58 

4.21 


492 



Dipole Moments of some Substituted Benzenes, etc, 493 


RESULTS AND DISCUSSION 
TABLE I 

o-Chloro ethylbenzene 


w 


Ae 

AE/IP 

«12 




0.00962 

2.2833 

0.0193 

2.007 

1 49425 

2,23277 

0 00212 

0.220 

0 01397 

2.2907 

0 0267 

1 908 

1 49437 

2.2d315 

0 00250 

0 179 

0 01954 

2.2995 

0.0355 

1.817 

1 . 49437 

2 23316 

0 00250 

0 128 

0 03622 

2.3241 

0.0601 

1.707 

1.49468 

2.23400 

0 00,341 

0.097 

0 04420 

2.3374 

0 . 0734 

1.661 

1 49483 

2.23451 

0 00386 

0.087 

0.05164 

2.3482 

0.0842 

1.631 

1 .49489 

2 . 23470 

0 . 00405 

0 078 


(Ae/W) 

9 







Prf - 

49 . 6 c.o. 

1.57 D. 






TABLE II 






m 

-Chloro ethylbenzene 




W 

fiia 

Ae 

Ae/iy 

»'12 




0,00730 

2 2826 

0 0186 

2 544 

1 49384 

2.23155 

0.00090 

0.123 

0.02024 

2.3159 

0.0519 

2.563 

1.49408 

2.23227 

0.00162 

0 . 080 

0.03132 

2.3435 

0 . 0795 

2.537 

1.49123 

2,23273 

0.00209 

0.066 

0 04107 

2.3661 

0.1021 

2.486 

1.49459 

2 . 23380 

0.00315 

0,077 

0.05824 

2.4063 

0.1423 

2.444 

1 .49479 

2 23439 

0.00374 

0 004 

0 07949 

2 4566 

0 1916 

2.411 

1.49505 

2.23519 

0 00454 

0 057 

0.09879 

2.4988 

0.2348 

2.378 

1.49545 

2.2.3636 

0 00571 

0.058 


(Ae/IT) 

— 9 

>0 

558 

(AMVHOpp^O-O 085 




P,/=66 

8 c.c. 

At-^1.81 D. 






TABLE III 






p-Chloro ethylbenzene 




W 

Ej2 

Ac 


«I2 

W-Jia 

Ah- 


0.03126 

2.3581 

0.0941 

2.920 

1.49429 

2.23292 

0.00227 

0 071 

0.04401 

2.3840 

0.1200 

0.728 

1.49434 

2 . 23306 

0 00241 

0.055 

0.06876 

2.4187 

9.1547 

2.632 

1.49444 

2 23332 

0.00267 

0.045 

0.07469 

2.4516 

0.1876 

2.516 

1.49468 

2.23398 

0 00333 

0.044 

0.09464 

2.4943 

0.2303 

2.437 

1.49508 

2.23528 

0 00463 

0 043 


Prf=80.4o.o, M-3.00D 
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TABLE IV 
o-Bromo ethylbenzene 


w 

eia 

Ae 

Ae/tF 

n,j 


An“ 

An^ifW 

0 02260 

2.3184 

0.0544 

2.410 

1 . 49419 

2.23261 

0.00106 

0.087 

0.03068 

2.3604 

0.0964 

2 420 

1.49451 

2.23368 

0 00303 

0.076 

0.0.6608 

2.3977 

0.1337 

2.384 

1.49523 

2.23671 

0.00608 

0.090 

0.07352 

2.4360 

0.1720 

2.339 

1.49553 

2.23667 

0.00602 

0.082 

0 09053 

2.4726 

0.2085 

2.303 

1.49605 

2.23H15 

0.00760 

0.083 

0.10760 

2.5076 

0.2435 

2.261 

1 49682 

2 24047 

0.00982 

0.691 




6 c.c. 

/i = 2 

.06 D. 





TABLE V 

m-Bromo ethylbenzene 




W 

Eia 

Ae 

^li|W 

^12 

n2, 2 



0.01260 

2.2945 

0.0305 

2.423 

1.49383 

2.23158 

0 0093 

(\.074 

0 02231 

2.3179 

0 0639 

2 416 

1 49417 

2 . 23250 

0 00186 

0.083 

0 02925 

2.3333 

0.0693 

2.370 

1.494.50 

2 23353 

0.00288 

0.098 

0.04887 

2.3793 

0.1153 

2 360 

1.49499 

2.23500 

0.00435 

0.089 

0.06322 

2.4104 

0.1404 

2.316 

1.49.5,55 

2 23666 

0.00601 

0.096 

0 08221 

2.4512 

0 1872 

2 277 

1 49691 

2.23776 

0»00711 

0.'087 

0 10140 

2 4908 

0.2268 

2.236 

1 49663 

2.23990 

0 00925 

0.091 



(Ae/l^)pp_^y = 
Pd =83.1 0.0, 

2.454 

/•=2.03 D. 

0.081 




TABLE VT 
^j-Bromo ethylbenzene 




W 

e 12 

Ae 

A^IW 

ni2 

n'ii2 

Aw-“ 

An-^IW 

0.02113 

2.3190 

0.0560 

2.602 

1.49458 

2 23376 

0.00311 

0.147 

0.03375 

2.3642 

0.0822 

2.436 

1.49499 

2.23511 

0.00446 

0.132 

0.04981 

2.3802 

0 1162 

2.333 

1.49671 

2.23715 

0.00660 

0 131 

0.06814 

2.4194 

0.1554 

2.281 

1 49637 

2.23012 

0.00847 

0 124 

0.09239 

2.4706 

0.2066 

2.238 

1.49707 

2.24122 

0.01067 

0.114 

0.12450 

2.6421 

0.2781 

2.236 

1.49783 

2.24350 

0.01286 

0.103 


(MlW)W~^Q=2,%4S) (An2lf)^_^Q=0.161 

P^«=87.2o.o. ,4*=2.08D, 
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TABLE VII 


Molecule 

Calculated 

Vector S & H 

Observed 

o-Chloro ethyl benzeno 

1.36 

1.79 

1.C7 

m-Chloro ethyl bon/eno 

1.91 

2 01 

1.81 

p-Chloro ethyl benzene 

2.13 

2 23 

2 00 

o-Bromo ethyl benzene 

1.31 

2.01 

2.06 

m-Bromo ethyl benzeno 

1.86 

. 1.99 

2.03 

p- Bromo ethyl benzeno 

2.08 

2.18 

2.08 


Table VII shows that there is considerable ainount of disagreement between 
the calculated and observed values Even when inductive effects are considered 
the disagreement exists; in fact^ the values calculated by simple vectorial method 
are better, in particular as we go to meta and para-chloro ethyl bonisenes. It 
indicates that the induced effects are alight. The disagreement between the 
calculated and the observed values may bo attributed to the assumed group 
moment of 0.68 for CgHg which may be rather high. Unfortunately, there is 
no solution value available for ethyl benzene. A comparison with the corres- 
ponding chlorotoluene values reveals that the calculated values are 0.22 to 0.28 
higher for the chloroethyl'benKenes. The slight induced effects present in chloro- 
ethyl benzenes may be duo to the higher polarisability of the ethyl group. 

In the absence of induced and resonance effects, the chloro and bromo ethyl 
benzenes should have almost the same dipole moment as the corresponding 
substituted toluenes. It is also reasonable to expect slightly higher values for ethyl 
compounds owing to the slightly larger dipole moment and polarisability of the 
ethyl group. Examination of Table VTII (which gives the comparative data) 
indicates that the experimentally observed values for ethyl benzenes support the 
expectations. 


TABLE Vin 



Cal. 

Ortho 

Obs. 

Cal. 

Meta 

Obs. 

Para 

Cal. 

Obs. 

Cliloroioluone* 

1.41 

1.43 

1.79 

1.77 

1.96 

1.94 

Chloro ethyl benzene 

1.79 

1.67 

2.01 

1.81 

2.23 

2.00 

Bromotoluene 

1.38 

1.44 

1.76 

1.75 

1.92 

1.93 

Bromo ethyl benzene 

2.01 

2.06 

1.99 

2.03 

2.18 

2.08 


Moore and Hobbs*(1948) 
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The agreement between the observed and calculated vtiJues of chloro and 
bromo toluenes, the fact that cbloromeBitylene has the same moment 1.55 as 
chlorobenzene while bromomesitylene and bromodurene have moments 1.52 
and 1 .55 respectively as compared to 1 .50 for bromobenzene and that chloro ethyl 
benzenes have approadmately same values as the corresponding 1;oluenes show 
that effects of the methyl and ethyl groups upon the structures contributing to 
the moments of chloro and bromo benzenes as well as the inductive effect between 
the halogen and the adjacent methyl or ethyl groups are too small to be detected 
in the moments (Smyth and Lewis, 1940). 

In the case of bromoethyl benzenes there is little variation in observed moment 
values from ortho- to para- position which is unexpected since for the correspond- 
ing bromotoluenes there is a definite increase of moment from ortho- to para- 
substitution. Tt is also interesting to note that while the caloulated| values by 
vector method show the increase from ortho-to para-substitution, me Small- 
wood and Horzleld method does not give values with any definite indication of 
increase from ortho- to para- positions. The experimental observations were 
taken on two different samples obtained at differnt times but the same\ values of 
dipole moments for the three bromo ethyl benzenes were obtained. It is felt that 
further determinations on dipole moments should bo caiTied out on other poly- 
substituted benzenes containing the ethyl group before attempting an explana- 
tion of the observed moments. 
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Plates XII & XII 1 

ABSTRACT- The earlier analysis is revised in sovoml respects and very much 
extended. 76 levels belonging to the 4p'i, 4p'', 58, 4d, 6p, 6s, 6d and 4f configurations are 
newly identified involving the classification of nearly 400 additional lines in the region 10000 A 
in the photographic infra-red,, to 350 A in the vaoinun ultraviolet. This brings the total of 
classified lines to about 540. Almost all the intense linos are classified except about a dozen 
and some faint linos. The second ionisation potential is established to be 21.80 volts. 

INTRODUCTION 

Besides the veiy early work summaiised in Kayser’s Handbiioh der S^iectrO- 
Hcopie, Vol. 8, the previous important work on the description and analysis of 
the spectrum of singly ionised bromine consists essentially of the investigations 
of Bloch and Bloch (1927), Bloch, Bloch and Lacroute (1934), Lacrouto (1935), 
Tolansky and Trivedi (1940), Ramanadham and Rao (1944), and Ranade (1951). 
Bloch and Bloch (1927) have first given a fairly extensive and accurate wave- 
lengths of the linos of bromine between 6760 and 2250A using a Source of 
electrodeless discharge and later, along with Lacroute (1934), reported the identi- 
fication of 45 levels of Br II based on the and W states of the Br III ion, 
mvolving the classification of about 170 lines, and have also given from Zeeman 
effect studies, the values of the {/-factor for some of the levels Lacroute (1935) has 
measured the spectrum in the region 2280-649 A as recorded on a 1-metre vacuum 
grating spectrograph using a soui’ce of electrodeless discharge similar to the one 
employed by Bloch and Bloch (1927) and confirmed some of the levels by a study 
of the Zeeman effects, The Zeeman patterns of several other lines also were 
recorded. 

Ramanadham and Rao (1944) have revised and extended the earlier analysis. 
They have made changes in the designations and values of the 4d and 
levels to bring them into conformity with their positions in isoelectronic and 
analogous spectra and assigned the term identified earlier to the 6d instead 
of the 4d configuration as the latter is expected to be deeper than the 4d 
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term and of the same order of magnitude as the terms. They have rejected 
the leveJs given in the earlier investigation as 5s' and 5d' as unreal 
since combinations with them occur elsewhere and omitted the levels given by 
the previous workers as 4d since their reality could not be well established 
though some combinations with the 5p terms and with were present. 

They have further identified the levels, 5d term and several 

5d' levels. The 6.v' levels are also given by them but as tentative. 

Tolansky and Trivedi (1940) reported measurements of the hyperfine structure 
for four lines of Br II. Ranade (1951) has analysed the hyperfine structure of 
some lines and confirmed the analysis of the combinations involving the deepei- 
terms given by Bloch, Bloch and Lacroute (1934). 

Moore (1962) has compiled all the energy levels in the book “Atomic Energy 
Levels, Vol. II” in the ascending order of magnitude with the ground level 
4^4 2©ro and has calculated the 7-values for some ()t them with the help 

of the Zeeman patterns obtained by Lacroute. She has also suggosteil that the 
levels 96439.4 and 98807.3 given by Bloch, Bloch and Lacroute as id and 

omitted b^'^ Ramanadham and Rao might be 4p^ levels. 

Still several and some very strong lines in the spectrum 1 eniain um^lassified 
and as remarked by Moore in the book referred to above tlie analysis is far from 
complete and well Avorth further observation. Some of the levels identified in 
previous work need confirmation and on close scrutiny other levels appear to 
be either unreal or not correct in designation. In the present vork an extensive 
study of the spectrum over the entire range from the photographic infra red to 
the vacuum ultraviolet (10000 to 360A) is made with the purpose of obtainmg 
a complete analysis of the spectrum. As a result, several now levels belonging 
to the 4p®, id, 6s, 5p, 5d, 6s and if configurations are identified loading 
the classification of nearly 400 additional lines bringing the total of classified 
lines to about 540. Almost all the intense linos are now interineted except for 
about a dozen and some faint lines. 

A prelinnnary note giving the newly identified levels is already published 
(Bhupala Rao, 1966). 

EXPERIMENTAL 

The soui ce of radiation chiefly used in this investigation is a H-shaped pyrex 
glass discharge tube with a capillary of 1 to 2 mm. in diameter and about 2 cjii. 
in length excited by a transformer giving 20000 Y in the secondary. In the 
uncondensed discharge tube, the arc lines of bromine and a few lines involving 
combinations between deep levels of Br II appear. When the pressure is low 
the capillary is light red in colour and this is the condition best suited for obtaiti- 
ing the arc lines. As the gas pressure is increased the colour of the discharge 
in the capillary changes to greyish blue and some of the prominent first spark 
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lines also appear. Kiess and de Bruin (1929) have reported a similar observa- 
tion. Most of the are lines occur in the infra-red wl^ile the resoliance group 

2po.4.s2-4p4 (3p)5s 4p, ap is in the region 1650 to 1300 A. In the condensed 
discharge with a condenser of capacity approximately 1.8x10“® mfd kept in 
parallel with the transformer, the colour of the discharge in the capillary is bluish 
white and all the linos due to the singly and doubly ionised atoms are recorded 
with good intensity while the arc linos are generally diminished in intensity 
though some of them in the infra-red appear fairly strong. As one goes to lower 
wavelengths, lines due to still higher stages of ionisation also appear with com- 
parable intensity. When an inductance of 0.5 xn.h. is introduced into the circuit 
in series with the discharge tube, the intensity of Br IT lines remains unchanged 
or even increases in several cases. But the lines of Br 111 are either pariially 
or completely suppressed except in the vacuum ultraviolet region whore they 
also appear fairly intense. 

The discharge is also excited by 10000 V rectified by a kenotron .801 3 A and 
condensed by capacities of (a) 0,5 m.fd. and (b) 0.2 m.fd. In this condition, 
particularly with 0.5 m.fd and narrow capillary, a strong background is generally 
present and all the important lines of the various stages of ionisation appear. 
When an inductance of 0.5 m.h. is introduced in series with the discharge tube, 
the intensity of the background is reduced 

The spectrum is obtained also in a high frequency discharge tube using a 
100-watt H.F. oscillator operating at a frequency ofaliout 11 Mx/s. Iri the visible 
region several lines of Br I , a fow' lines of Br II and a good number of bands of 
bromine molecule appear. But in the near ultraviolet only a fairly strong 
continuum is recorded. Again belou' 2000 A the bands of bromine molecule 
appear. 

The spectrum is phographed in the infra-red on Kodak I.Q. and I.N. plates 
with Fuess and Hilger Glass Littrow spectrographs. In the vacuum ultraviolet 
region 1 -metre Normal Incidence Vacuum Grating spectrograph set up by the 
author in this laboratory is used, (15000 lines per inch); the grating was kindly 
supplied by Prof. Siegbahn. The sjLectrum is recorded on Ilford Qa plates and 
extends upto 360 A with 6 hours exposure in condensed discharge condition. 

In addition to the data obtained from the above methods a large number 
of photographs were also kindly made available to the author by Prof. K. R. Rao. 
These are pictures taken at Upsala with a Grazing Incidence Spectrograph long 
ago and well preserved, extending from 1085 to 480 A. The dispersion about 
3.2 A/m.m, near 950 A. The source consisted of a vacuum spark between elec- 
trodes tipped with Rb Br and Cs Br ; full details regarding tlm pictures are 
given by Rao and Badami (1931) in the paper on Se IV, 
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The important multiplets involving the newly i^entihed levels are given in 
Tables II to VI. The intensities for the lines specified there are the intensities in 
condensed discharge with inductance. Newly classified lines not contained 
in the multiplet tables are given separately in Table VIII with their intensitieB in 
condensed discharge with inductance, wavelengths and wavenumbers. All the 
values above 2000 A are from Littrow measurements. 

ANALYSIS 

The predicted terms of Br 11 are given in Table I. The observed terms are 
all underlined and those identified in previous investigations are marked with 
an asterisk also. All the newly observed energy levels are given in the preli- 
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mmary note (Bhupala Rao, 196b). Several of tliom are contained in the multiplet 
tables also. The rest are given in Table VII. The values of some of the levels of 
4d '*D®, 4t and ^F terms differ slightly from those given in the preliminary 
note since these had to be readjusted in the final calculation. The levels 161526.4 
and 161896.2 appearing as 4f'iD4 and in the preliminary note are actually 

4f' and 4f' respectively. 

The lines 98476, 95336 and 93921 cm-^ (1015.5, 1048.9 and 1064.7 A respec- 
tively) in the vacuum ultraviolet region are very prominent and longer than 
the other lines [Plate XII A (i)J which suggest that they form the resonance linos. 
Their intensity and chai-acteristics confirm the identification of the 4p* *P levels. 
The lines, 98804, 96430 and 93295 cm“^ (1012.1, 1037.0 and 1071.9 A respectively) 
also shown in Plate Xfl A(i) are equally strong and have the same characteristics 
as the resonance lines lending strong support to the suggestion that the levels 
96439.4 and 98807.3 may be 4p® levels. Hence it is accepted as the correct 
designation of the two levels and only the 4p^ level remains to be identified. 
These two levels give combinations with several 4p^, 5p, and 5p' levels. The 
multiplet 4p® 6p' ®P is particularly well developed giving intense lines 

(Plate XIT B). A comparison of the values and intervals of the “p” levels 
with those in Kr III (Humphreys, 1935 and Boyce, 1935) leads to a value of about 
1400 cm~^ for the 4p® — ®Pj interval, by which the 4p® — 6p' ®Pi line 

should.be in the region of v 33400 cm~h From an examination of the plate 
for a line in that region with the same characteristics as the other lines of the 
multiplet, the line 33358.9 cm“^ is identified to be the 4p'* ®P„® — 6p' *Pi combi- 
nation. It 18 confirmed by the combinations of the resulting level 100242.2 
with seven other even levels. 

The 4p® ^Pi® level is expected to give strong linos with 6p' ^X >2 5p' ip^ 

levels. Bamanadham and Rao have suggested the 5(1' ^Pj® level entirely by 
the pair of lines 17481.6 and 23364.4 cm*'. But this pair is found to be more 
completely suitable for the 4p® 'P^® level of magnitude 113342.8 cm*' which 
is consistent mth the expected value from a study of the analogous spectra. 
Its combinations with twelve other even levels confirm the identifications. The 
combinations of the 4p® levels with the even levels are given in Tables II to IV. 

Of the remaining unclassified lines, the gi’oup of close lines at 41800 cm*' 
(2390 A) stands most promment appearing prominently even under the weakest 
excitation including the uncondenaed discharge. An attempt was made at first 
to see if they could be accounted for as combinations involving 5p and 6p' terms, 
but this attempt proved unsuccessful. A close examination of the lines. shows 
they are all very diffuse and have strong satellites very close to them. A study 
of the position of the 4d term in the isoelectronic sequence Se I, (Ruedy and 
Gibbs, 1934) Br II, Kr III leads to a value of about 104000 cm*' in Br II. 



Even levels 
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Assuming the 4f prbit to be hydrogen like, the value of 4f term is most likely 
to be of the order of 146000 cm-^ and the 4d 4f multiplet should then 
be expected in the neighbourhood of 42000 cm“^. From these considerations 
the group at 41800 cm-^ is classified as the 4d 4f multiplet. This classi- 
fication is confirmed by the presence of the entire multiplet 4d 5p “P in 
the region 10500-11000 om”^ and supported by several interoombinations. These 
two multiples are shown in Plates XIT A(i) and (ii). Further confirmation is 
obtained by the identification of the 4f ^F term within 200 om-i from the 4f 
term giving very strong coinbinatioiiB with 5s' and 4d and 4d' W 

terms. [Plates XTi A(ii), (iii) and XIIB], These multiplets are given in Tables 
II and V. 



Fig. 1 


In the spectrum of singly ionised iodine, Mmakawa (1938) has classified a 
similar group as 5d 6f ®F multiplet. A plot of tins multiplet in Br II and 
III presexited in figure 1 brings out the similarity between the two. Here it may 
be observed that this term of absolute value 28600 cm~^ in III may more 
probably belong to the 4f electron consistent with its hydrogen like nature. On 
this basis the absolute value of the 5f term will be of the order of 1760Q cm“i. 
In Cl II also Murakawa (1936) has identified a term as 4f but Kiess and de 
Bruin (1939) have rejected the suggestion on the ground that the term does not 
exhibit the combination characteristics of ^F terms though its magnitude is of 
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tile correct order, its combinations are sharp without shading or satellites. But 
in view of the identification of the corresponding multiplet in Br II and III it is 
likely that there may be scope for further consideration of the assignment given 
by Murakawa. 

Kamanadhani and Kao have based the identification of the ds" 

terms purely on combinations with the ground term in the vacuum ultraviolet 
region. The 6s" ®P° levels are of the right order of magnitude and are confirmed 
by the new combinations identified in this investigation. But the 5s" ^P^® level 
given by them is based on only a single combination 105377 cm~^ with the level 
11409 (absolute value 162710 in theii* paper); this level 11409 it found to be un- 
real, the line 105377 cm“^ defining this level having been distinctly classified as 
Br III 4p® 4>S3/2— 4p* *Pi/2 combination (Bhupala Kao, 1956a). Further, the value 
116786 (absolute value 67333.0 in their papei) foi the 5s" ^P^® level /is too deep 
and not consistent with the jjrogression of values in spectra isoelectronic with 
Bril. \ 

The 6p" levels are estimated to be of the order of 144000 cm“^. With the help 
of the 5 b" ®P® intervals which are already identified, the 6p" “P levelsA could be 
established easily by searching for the appropriate interval and arc confirmed 
by the presence of the Ss' 5p" and 4d -Sp" multiplets. But 
the identification of the 6p" *P term has proved to bo more difficult because of 
the intensity anomalies in the 5s" ®P®— 5p" ^P multiplet, the great irregularity 
in the variation of the intervale between its levels and the few combinations it 
gives with the 6 b' 4d ®P® and 4p® ®P® term. It may be noted, hoAvo\[er, that 
a similar intensity anomaly in the 6 b" ®P®“”5p" ^P multiplet and irregularity in 
the intervals of the 5p" ®P term are present in Kr Til also. Some of the fines 
included in this multiplet were classified by Rainanadham and Kao as combi- 
nations between 5p' and 6d' terms. But the present assignment seems to be more 
consistent and appropriate. The two levels 144617.7 and 146370.0 are designated 
as 5p" ^Pi and 5p" respectively due to their combining properties. With 
the help of the interval between these, the 5s" ^P^® level is found to be 125068.7 
which is supported by several intercombinations. The scheme of all these combi- 
nations is given in Table IV. The 5b"— 6p" multiplets are rhowii in Plate XIII. 

The W 2 level was suggested by Ramanadham and Kao on the basis of two 
fines 101632(10) and 98284(0) cm“^ given as the combination 4:p^ 
and the intercombination 4p* ^Pg^fis' ^P.^® respectively. But the line 101632 
defining the 4p*^Pa level is distinctly classified as Br III 4p® ^/Sa/a®— 4p^ ^Ps/s 
combination (Bhupala Kao, 1956a). A search among the vacuum ultraviolet 
lines for the interval 60' ^P® —6 b" ^Pj® has led to the identification of the 4p^ W 2 
level at 12098 and it is confirmed by its combinations with seventeen other odd 
levels. All these combinations are given in Table IV. 
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A search ainung the vacuum ultraviolet lines for the intervals of the ground 
tej'm 4p* 701 and 3139, has W to the identification of the 4d' ®Z)®, terms 

(Table II), The presence of the 4d' ®2)®“4f multiplet with good intensity 
(Table V) apd the multiplet 4d' Sp" ®P (Table IV) point to then correct identi- 

fication. Bui combiiiationi!' of the 4d' levels with 6p" levels are only a few 
as can bo seen in Table IV Starting with 4d' terms it has been pos&ible 

to arrive at the 4f' (®P, ®7), ^H, ^0, ^F, W) and 4d' (sp®, i^®, ip») terms and the 
4f' level. The 4d'~4f' combinations are all diffuse in varying degrees. 
The 4f' terms are inverted and their overall intervals are very small 

(-103.7 cm~^ -51.7 cm~^ respectively even though the interval between the 
levels of the parent configuration is 1195 cm~^. The 4d' — 4f' combinations 
are given in Table VT and some of the multiplets are shown in Plate XII B. 

The 4d" levels could not be Located since even with the most favourable 
estimate their combinations with the 5p' and 5p" levels are expected to occur 
beyond the photographic infra-red region; consequently it is not nossible to 
identify the 4f'' levels also. \ 

Several of the 5d' and 6s' levels given by Ramanadham and Rao had to bo 
altered. The changes are discussed belov'. \ 

1. The 6d' ^C/g® level was fixed only by a single lino 24529.2 cm"^ This is 
classified otherwise as 6p' ®Pa — Another line at 25010.2 cm~^ is taken 
as 6p' — 6d' ®6?5® consistent with the intensities of the (iombinations ^F^- - 
®(t 8® and *^3 — ®(^4®. The new level is 156756.6. 

2. The levels 6d' ®if®a,8 do not appear to be quite correctly identified. 'Ihe 

combination 5p' — 6d' ^Pg® expected to be strong is absent and the combination 
5p' — 5d' is also absent on the author’s plates, probably not resolved 

from the stronger line 24983.4 cm“^ very close to it. The alternative levels 
suggested now are 157226.9 and 158327.4 for 5d' ^F^^, ®Pa® respectively, which 
give strong ^F^ — ®Pa® and “Pg® combinations with 6p' H) 

levels are not of the expected intensity. Purther, with the alteinative choice 
the 6d' ®P® term is inverted with a total interval of -1643.0 cm~^. This is doubt- 
ful when the other 5d' “O'®, ®D® terms do not show this inversion or partial 
inversion. Therefore the levels designated by Ramanadham and Rao are 
retained and the two new levels 157226.9 and 158327.4 are given under the 
designations 5d' a®3 and 5d' b®a respectively. 

3. The magnitude of the 6d' ®i>® term identified by Ramanadham and Rao 
seemed to be too deep and inconsistent with the ^neral progression of values 
6d' ®(6r®, P®, 2>®, P®, /S®) although the component levels are itegarded as real. 
Hence the suggested 6d' ®D® term is adopted as the ds' ®i)® term, the identifica- 
tion of the latter being considered unsatisfactory. An entirely new set of levels 
is suggested as 6d' ®Z)® term, the component levels being 167369.7, 157632.8 
and 157808.3. The level 151458.3 given by Ramanadham and Rao as 6s' ®Di® is, 
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however, retained as a separate level b® siuce it gives three oobininations with 
6p/®P term though its combinations with all other levels are accounted for 
otherwise. 

4. The 6d' »po term also had to be altered, the 5d' ®P»i level having been 
regarded as 5d' on account of the existence of another combination between 
this and 5p' The level 6d' ®P®y was based on two lines 30681.9 and 25656,4 
cm~^. Of these, 30581.89 cm~^ is classihed otherwise which makes the identi- 
fication of the level uncertain. The two components of the 6d' ®P® term newly 
identified are 169778.4 and 159910.8, The third component 5d' ®P°o level could 
not be located. 

The designation and reality of the level 158234 are not certain; its combi- 
nation with 5p' (v 27579.4) is accounted for otherwise (table 8). Hence the 
level is left out. 

5. The identification of the 6d' level was based on two lines one of which 
is not found on the author’s plates. The other line 24448.5 cm-^ is now classified 
otherwise as 5s"" "P% — ^5p" "7^,. The new level is 156512.2. It gives three 
combmations with 5p" levels. Two of them are classified otherwise also but 
their intensity for the other combinations seems to be too large. Hence their 
double classification is considered justified. 

6. Of the singlets, the level 6d' was fixed by two lines, the important 
one among which (23295.9 cm”^) is now classified otherwise as 6 b" *7^^ — 5p" ^P^. 
The level 160887.7 identified as 6d' ^P®3 has to be altered as 6d' ^T)®^ since it has 
given a combination with 5p' ^P^. The 6d' ^7^®.^ h'as been assigned as 6b' ^T)®^, 
the magnitude of the level being consistent with the newly identified 6b' ®7)® 
levels. The two fines defining the 6d' ^P®i level are otherwise classified as combi- 
nations of the 4p'’ ^P®i level with 6p' *7>g, ^7^3. Hence the new identifications 
are made. 

The 6d' level is virtually based only one combination 6p' ^Pg — 6d' ^(t ®4 
(26273.7(6) cm-^) the intercombination 5p' "Pg — 5d' ^ 0 ^ (25656.4(00) cm“^) 
being very weak. An alternative level is 168820.7 which gives the lines 27130.4 
(3) and 27512.1 (4) cm"^) with 5p' ^Pg and 6p' "Pg respectively. But since the 
intensity of 27612,1 cm“^ is not only greater than that of the other line but much 
more than what can be reasonably expected for such an inter-combination, this 
level is not adopted as 5d' ^<^4® and also not included in the table given in 
the preliminary note. All the 5p' — 60', 6d' combinations are given in Table HI. 

An attempt to identify the 6s" and 6d" terms with the help of ther intervals 
of the 5p" levels has l^d to the identification of only the 6s" ®7^i level definitely 
and the 6s" 5d" ^7)®^, ^P®i levels with a certain amount of confidence. Other 

levels could not be suggested at all, the multiplets with these levels are too weak. 
But a number of levels are found with the ahticipated order of magnitude. 
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Hence these are given as tentative levels in the preliminary note (1956) under 
the designations 6 s" a® and 5d" (a®, b®, c® d®) suggesting their possible J values. 

The Jevel 138127.0 given by Eamanadham and Rao as 6 b" a is retained as 
a® even though its reality is not yet confirmed. 

IONISATION POTENTIAL 

The absolute term values are calculated from the and ®/S® terms of the 
'ns' series using the Rydberg formula. The values are found to be 5s ®<S®a=81771.3 
and 6 s ®;Si®=77662.7 with effective quantum numbers 2.317 and 2.379 respec- 
tively. When their separations from the ground level 93927.6 and 98476.4 are 
added they give 175698 and 176029 cm“^ respectively for the distance separating 
the ground levels of Br H and Br III. Their mean comes to 176869 om-^, the 
same value arrived at by Moore (1952). i 

Rrom the ns* levels converging to 4p® *i)® 6/2 of Br II the absolute value 
of 5 b" ®Z )®3 is obtained to be 81908.6 giving the value 192286.8 for the limit 4p® 
2il®6/a of Br III reckoned from the ground level 4p* ®Pa of Br II. The flifference 
between the two limits is 16418 cm-^ which is in very good agreement With the 
interval 4p® ^/S®a/a — 4p® *D® 6 /a m equal to 16300 cm"^ (Bhupala Rao, 

1966a). 

Though Moore has arrived at the value 176870 cm“^ (I.P. 21.80 V) for the 
limit, she has retained the value 174119 cm-^ (I.P. 21.6 V) given by Bloch, Bloch 

TABLE VII 


Contiguration 

Designation 

J 

Level 

Interval 

4a2 

4p4 i/Si 

0 

27876 


4a2 (^S) 6a 


2 

136794. 3* 


t«a [IS) 6fl 

6fl 

J 

137608.0* 



ao 

1 

138127.0* 


4aa ApS {*S) 5d 

Sd 

0 

140223.6* 

-0.8 




140222.7* 

284.3 



2 

140607.0* 

-212.0 



3 

1^294.6* 

-2.4 



4 

140202.1* 



bo 

2 

161468.3* 


482 4j,B (ap) Oa 

a'> 

2 

160487.2 


ian 4p9 <2P) 6« 

tpo 

1 

167439.0 
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TABLE VII {contd.) 


configuration 

Designation 

J 

Level 

Interval 

4p» (aP) 5d 

Bd" «9 

3 or 3 

169127. B 


4pa (2P) 5d 

6d" bo 

3 or 3 

169366.1 


4 fi 2 4pa (2p) Bd 

6d" fiO 

2 

169076.2 


4^f2 4p3 (JP) 5d 

Bd" do 

2 or 3 

169768.9 


4«2 4pa (2P)i>d 

Bd" IDO 

2 

170703 1 


4 fl 2 4pa (2p) Bd 

6d" ipo 

J 

170827.4 


Brill 

LIMIT 


176870 



■" Identified i n previous invoetipatio»iH 


TABLE VIII 


Intensity X(air) i'(vao) Classification Remarks 


1 

8726.3 

11458 

4^/ 

■■'P;,0-6p' 

sDa 

0 

8417.5 

11877 

4d' 

9F4,o-5p' 


1 

8231.0 

121 46 

4d' 

^FgO-Bp' 

aDa 

1 

7652.2 

1 3238 

4d' 

;pPr,o-6jj' 

Bi* T 

0 

6708,8 

14770 

4d' 

aPjjO— 6p' 

aPa 

2 

6168.49 

16207.0 

Bp" 

3Da-5d' 

aPaO 

00 

6643 . 37 

17716.0 

Ba' 


3D., 

00 

.5611.42 

17815.9 

Bp" 

9£>-^~Bd' 

sPj.0 

4 

5199 36 

19227.8 

4d 


IP, 

2 

5056.87 

19773.6 

Bp 

iPo-eff 

.1^,0 

I 

4941.24 

20232.2 

Bit' 

3DaO_6p' 

uPa 

2 

4861.11 

20565.7 

Bp" 

aPa-Os" 

fia” 

3 

4777.04 

20927.6 

Ba' 

3Dat>-6jo' 

aPa 

OOvbb 

4678.07 

21837.2 

Bp" 

spj-es" 

iP.o 

0 

4466.18 

22389.3 

Bp 

»Po-6d 

f'Di" 

1 

4388.20 

22782.0 

Bp" 

»D3-6fl" 

®2** 

0 

4361.64 

22921-3 

Bp" 

iPj-6*" 

APlft 

2H 

4308.00 

23206.1 

Bp" 

aPn-6d" 

rta“ OP 3 

1 

4261.22 

23460.9 

5b" 


aP, 
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TABLE Vin {amid.) 


Xntenaity 

X(air) 

i'(vao) 

ClasBifloation HemarkH 

2 

4200.61 

23754.7 

tip“ ffa” or 3 





00 

4102.40 

23846.0 

5p'‘ or 3 

0 

4120.33 

24210.2 


j 

4118.60 

24273.0 

4d' «D;, 

1 

4116.71 

24290 3* 

bp'^ ^Po-Ba" i/>,o 

1 

4100.39 

24346.6 

4f/,' ajjg 

0 

4106.60 

24350 . 7 

4d" 1 

1 

4007.90 

24306.0 

bp" lOo-bd" or H 1 

0 

4034. J1 

24781.6 

bp" ^P-2—bd" \ 

00 

3903 . 1 8 

25226.2 

bp" ’U\--bd" Br 111 lliiel' 

H 

3940.80 

25329.6 

bp" ^D^-bd" iDjU \ 

Oh 

3944.66 

25344.3 

bp" »/J,-0j?" iPi" 

00 

3932 . 27 

25423.4 

bp" »X>;i-6rf" or 3 

0 

3927 . 42 

26464.8 

bp" 

0 

3896 . 62 

35003 . 3 

bp" UDii-bd" buO or 3 ^ 

0 

3860.94 

26900.4 

4d' aPaO-Dp" :i£>' 

Ob 

3849.28 

26971.0 

bp" ayj., ~bd" Oa" 

0 

3836.82 

26062.7 

bp" ^Pn-Bd" dzo or 3 

T 

3817.86 

26185.4 

bp" tP,-bd" ill2« 

2 

3811.37 

26229,9 

ba' uPaO-bp' 17 ), 

Ob 

3799.80 

26309. 7^ 

bp" iPj-bd" tP,o 

0 

3778.43 

20468.5 

5d ^Di^-bp' sPn 

2h 

3770.41 

26614.8 

bp" ^D.i,-bd" feoO or 3 

1 

3702.82 

20668.3 

4d -^DiO-bp' 

1 

3760.84 

26610.0 

4d 3/1 fi ooincidenoo 




with a 

Br III line 

1 

3740.43 

20603.2 . 

4d' »F 40 ~ 4 f »F 4 Br III line 

00 

3733.99 

26773.4 

4d' ^F^o-bp" iP, 

0 

3727.20 

26821 . 5 

bp" ^Di-bd" Ca" Br III line? 

3h 

3725.40 

20834.7 

Bp" oSi-bd'" Oj« ? 
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TABLE VIII (cobW,). 


cia^iaoation 


oo 

3721.26 

26865.1 

U' 

I Z)., 


3 

3714.45 

26914.3* 


do 2 or 3 

00 

3712.93 

26926.3 

Oft' 

W..o~r,pf 21),^ 


2 

3678.24 

27179 2 

5s' 

■'DiO-Op' )}), 


2 

3624 87 

27679 4 

U' 

Op" 

oh\a-^ 

VJj -Od" 0,0 


1 

3623.88 

27586.9 

iff' 

«/’,.,o-4y 


3 

3622.06 

27600.8 

u 

■•D..o~5p' )F,i 


0 

3616.92 

27647.6 

4d 

’^D^o 5p' 


1 

3608.08 

27700. H 

4rf 

'‘D 3 U- 67 / i)F^ 


1 

3627.98 

283.36.8 

4d' 

■*FnO-4f AF., 

Bt 111 line 

Oh 

3527.06 

28344.2 

4d' 

oFo,2~if IF., 


00 

3480.60 

28722.6 

Op' 

VDij-Os" JP,0 


1 

3432 33 

20126.4 

4rf 

yJiO-fyp' .iy>y 


0 

3410.82 

20233.0 

id 

‘>J)r,u-r)p' 3F,j 


0 

3400.93 

20395.3 

id 

•'y)o''-5j>' 'JFj 


J . 

3397.88 

29421.7 

id 

■'Djo-Dp' 

Hr 1 n hiK' 

1 

3387. J 8 

29614.6 

id 

■'Z>,o-5ja' 0 /’, 


1 

3310.28 

30200.3 

6 s 

«/S’,o-5ju' ojjj 


1 

3174.66 

31490.4 

5s 

.I^<j0_5y/ H/J, 


Ih 

3160.94 

31727.4 

Op' 

■■'Pi-Os" nFjV 


1 

2968.07 

33796.0 

Oj) 

oPj-hg' njj^o 


y 

0 

2945.55 

33939.6 

5p 

aPi-Os' njj^o 

coiuoidencu 
with a 

Br m line? 

2888.29 

34612.4 

1)2) 

i)P,- 6 s' ar>,,o 

OOh 

2834.41 

36270.4 

Op 

»P,~ 6 «' JJJ.,0 


m 

2725.32 

.36682.1 

6 s 

'•jSsO-Sp' iiF,2 


00 

2716.16 

26819.4 

Op 

5p,-6s' WjO 


2 H 

2678.66 

38768.2 

id 

“DoO-Sp" 3J), 


2 

239.3.32 

41770.2 

id 

f^V.o^Sp" iip^ 


00 

2372.00 

42144,7 

. ^2} 

. «Pa-5(i' 4F.jO 

.... , - ^ 
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TABLE VIII 


Intensity 

X(air) 

p(vao) 

Clasaiiioation 

Remarks 

0 

2344.92 

42632.3 

5p sPa-6d' 


Br ni line 

3 

1410.2 

70911 

4p* 

■••P.o 

y 

1 

1226.3 

81545 

4p* iSo-5a' 



1 

1170.2 

86453 

4p* 

iPjO 

Br HI linei’ 

J 

1029.0 

97183 

ip* iSn-B/)'' 

ipjO 


0 

947.1 

105591 

4p4 »pp-6«' 



0 

889.9 

112376 

43tr« 8Pa-4d 

■'•DjU 

y 

1 

786.4 

127160 

ip* *D2~5d 


1 

00 

743-8 

1 34454 

ip* 5P,-64( 

“/Si" 


0 

710.6 

140726 

ip* 


_L, 


* Also olaasifled otherwise in previous investigations, 
t double olassidoation. 

and. Laoroute (1934) feeling that the new value is probably too high. Laoroute 
(1936, page 70) stated that the absolute values were obtained from the ns 
series and remarked that the calculation made from two terms could not be 
tjonsidered as very accurate. From the results of the calculations by Moore 
and in the present investigation it appears that Lacroute’s estimate isj in error 
On a perusal of the table of binding energies of electrons of singly -ionised atoms 
(Moore and Russell, 1962) the value derived for Br II on the basis of 174119 cm“^ 
for the limit seems to be too small and not consistent with the general progression 
of values in the first spark spectra of neighbouring elements. With 176870 cm“^ 

TABLE IX 


Spectrum 4p 

Hell 4p» -tiSa/aW 2J .fi 

Blooh 21 . 6“ 

Bril 4pJ 3P., 4d 

Author 21 . 80 


4d 5 b 5p 5d 

5b 9.70 5p 4Pj/a<>7,60 6d 436 

— 7.37 4.32 

6Ua<» 5b 5p flPi 5d 

8.90 10.18 7.58 4.54 


Krll 4/>B 3Pj,^.^o 24.56 id Wm 9.66 5b ^Ps/j 10.58 5p ^Po^/i 7.96 5d 4.63 
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for the limit they appear to be of the right order of magnitude and are given 
in Table IX along with the old ones based on Bloch’s value for the limit and 
those for Se II and Kr 11. 

A comparison of the effective quantum numbers n/’'=4 RjT corresponding 
to the deepest terms of the 6s electron in the first spark spectra of bromine and 
its neighbouring elements is made in Table X as in the case of As 1. (Meggers, 
Shenstone and Moore, 1960). 

TABLE X 


Spectrum 

Term 

W 

(Absolute 

value) 

UtIT 

n*=^{UllT)in 

Ga 11 

'fS-i 

62615 

7 022 

2.650 

Ge 11 

os tSiu 

66116 

6 . 639 

2.577 

Ah 11 

rw aP„o 

8427J 

5.209 

2.282 

Se II 

5s ‘*Pa/j 

78287.0 

5.607 

2.308 

Br 11 


81905.1 

0 . 359 

2 315 

Ki- n 

56 *pB/a 

85352.0 

5 143 

2 268 

Rb 11 

.■>.s 

88504 . 7 

4.900 

2 227 

Sr 11 

5d -'/S’i/2 

88964.0 

4.934 

2.221 


By interpolation the value of for 5s in Br II is obtained as 2.315. The corres^ 
ponding term T=4:lij{n*)'^ has a numerical value (4x J09737.1)/(2.316)‘‘*=81905.1 
and gives the limit as 175832.6 om~^ agreeing very well with the value derived 
from the ‘"ris” senes. This value 2.316 of 7i* for 6b derived in this way is 
in good agreement also with tho value 2.317 derived from the ‘"jib” series. In 
view of the above considerations it appears that tho value 175870 cm^^ for the 
limit may not bo high and may be adopted as the limit corresponding to a second 
ionisation potential of 21.80 volts. This is therefore given as the limit. 

Comparison with other spectra 

A perusal of the final analysis shows that the term intervals are m general 
smaller than the separations between different terms and there is not much 
mixing up of levels of different terms. But the intoival ratios within the terms 
are not in accord with the theoretical values derived from L-S coupling. The 
spectrum has very great resemblance to Kr III in several respects. 

A comparison of tho relative positions of (9i+l)« ttd and np^ terms 
in the analogous spectra will be of interest here. The values are taken from 
Moore’s “Atomic Energy Levels” Vols. I and II (1949 and 1952) and are collected 
in Table XI. Tho values of the limit and 4d for Br II are from the present 
3 
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analysis. A striking feature of the structure of these spectra is the iiicreasing 
stability with atomic number of the np^ and nd configurations. In both the 
isoelectronic sequences the (w+l) term lies deepest in the first members, 
SI and Sel, followed by nd and np^ ®jP®. In the case of the second 
members, Cl II ami Br II, they arc all of the same order and a crossing of the 
levels takes place. 


TABLE XI 


Spectrum 

Limit 

n 

(n4 1)« 


njEj-' sPa® 

S 

I 

88559.3 

3 

52623.9 

67878.0 

72025 . 5 

Cl 

11 

192000 

3 

107878 6 

110295.8 

93366.6 

A 

III 

82996.68 

3 

174375.0 

144907 0 

113800.7 ; 

Se 

1 

78668.2 

4 

48182.2 

63370 1 

- 

Br 

11 

176870 

4 

93927.6 

104097.9 

96439.4 \ 

Kr 

HI 

298020 

4 

146720.0 

138650.3 

1159.32 \ 


When we go to the third moinbors, A 111 and Kr 111, tlie order of t\ic toriiiH 
IS np^ “p®, nd and (w+l)s The np^ terms are all inverted. The 
intervals of the nd terms are all small and they are inverted except 

in A 111 and Kr III. 
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DIPOLE MOMENTS OF SOME SUBSTITUTED 
BENZENES AND PYRIDINES 

C. R. K. MURTY 

Physios Dkpajitment, Akdhiia University, Wai^taih 
(Received for publication Septetnber 16, 1968) 

ABSTRACT. The dipole momenta of seven substituted pyridines have been deter- 
mined in dilute solution in bonzeiie. Tho moment values are also oaloulated using group 
moments and vectorial method. Tho differences in moments between the oaloulated and 
observed values have been discussed, 

INTRODUCTION 

Since the publication of the electron diffraction results on pyridine by 
Schomaker and Pauling (1939), considerable interest was shown on the investi- 
gation of the dipole moments of these compounds. The electron diffraction 
studies have revealed that pyridine has a structure similar to thit of benzene. 
The determination of the dipole moments of y-substitutod pyridines by Leiss 
and Curran (1946) lias confirmed the similarity between the benzene and pyridine 
rings. To determine whether or not tho carbon nitrogen linkage can be adequate^ 
represented by a single constant in heterocyclic ring systems, Schneider (1948) 
has determined the dipole moments of diazines and drawn the following conclu- 
sions : (1) the carbon nitrogen electric moment apparently has a constant 
value in the heterocyclic compounds investigated, (2) a heterocyclic ring of the 
pyridine type can be represented by a plane hexagon and (3) in the compounds 
investigated, all bonds between nitrogen and carbon seem to be electrically 
equivalent so far as dipolar characteristics are concerned. 

The present investigation on substituted pyridines has been undertaken pri- 
marily to obtain dipole moment data on as many pyridine compounds as possible 
in order to understand their structure. 

The experimental arrangement used for measurement of dielectric constant 
and refractive index ol solutions and the method of calculation ot dipole moments 
from the experimental observations had been described previously by the author 
(1967). All the substituted pyridines were supplied by L. Lights and Co., England 
and were reported to be of a high standard of purity. The solvent benzene was 
also of A.R. grade of purity. 

CALCULATION OF n FROM GROUP MOMENTS 

For the calculation of dipole moment in the case of 2-and 3-acetyl pyri- 
dines, group moments of 2.22 and 2.89 have been assumed for N- and acetyl 

616 
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groups respectively. It has also been assumed that the acetyl group moment 
makes an angle of 55® with the C-C bond to the ring (Smyth, 1955). This value 
of the angle has been obtained from the dipole moment of p-diacetyl beiizeue. 

In the case of amino methyl pjriclines, the group moments 0.40 and 1.63 
have been assumed for CH^ and NKg. It is also assumed that the moment of 
NHj acts along the C-C bond to the ring following the example of other substi- 
tuted pyridines investigated by Curran (1945). If it is assumed that NKg group 
moment makes an angle of 38° with the C-C bond following the example of substi- 
tuted anilines, the calculated values are very much different from the observed 
values. 


KKSULTS AND DISCUSSTON 

Dipole moments of seven substituted pyridines have been determined and the 
results are given in Tables I to VII. The observed and calculated values of 
dipole moments are given in Table VIII, 

TABLE I 


2- Acetyl pyridine 


w 

E|2 

Ae 

AbIW 

Uj, 

”''13 

A” 2 

An'^IW 

0 01204 

2 . 30.39 

0.0999 

B 290 

1 .49416 

2 23262 

0.00187 

0.166 

0 02223 

2.4398 

0 1768 

7 91 1 

1 49432 

2 23289 

0 00224 

0.101 

0 03479 

2 6336 

0 . 2695 

7 . 745 

1 .494.')4 

2.23304 

0.00299 

0.086 

0 04Hr)] 

2 6360 

0 3720 

7 . 670 

1 .49454 

2 23364 

0.00299 

0.062 

0.06299 

2.7448 

0 4808 

7.632 

1.49469 

2 23381 

0.00316 

0.050 

0.07646 

2.8489 

0 5849 

7.660 

1.49474 

2.23425 

0.00360 

0.047 


{An'i(W) 

W— 

124. Prf= 

= 163.4 o.c. 

fi - 

:2.86D 




TABLE II 






3-Acetyl pyridine 




W 

Kli! 

Ae 

ABjW 

«,2 


An2 

Ahs/TT 

0.0227C 

2.4109 

0.1469 

6.456 

1.49622 

2.23669 

0 00504 

0.221 

0.03499 

2.4829 

0.2189 

6.263 

1.49677 

2.23733 

0.00668 

0.191 

0.04908 

2.6722 

0.3082 

6.280 

1.49598 

2.23796 

0.00730 

0.149 

0.06272 

2.6660 

0,3910 

6,234 

1.49633 

2 23901 

0.00836 

0.433 

0.07352 

2.7247 

0.4607 

6.266 

1.49668 

2.24007 

0.00942 

0.128 


(AB/Tr)^_^0==6.48, (Anff/TT)^ Pd=128.6c.o. t* ^2.59D 
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TABLE III 


2-Amino-3-methyl pyridine 


w 

®ii> 


Ac/TT 

V 

M®I2 

AW2 

An'^if-W 

0.00263 

2.2776 

0.0136 

6.190 

1 49383 

2.23164 

0 00089 

0.383 

0.00448 

2 . 2880 

0 . 0240 

6 348 

1 49309 

2.23202 

0.00137 

0.306 

0, 008.56 

2.3126 

0 048,5 

5.666 

1.49421 

2 23207 

0.00202 

0.230 

0.01417 

2.3^477 

0.0837 

6.912 

1.49467 

2.23404 

0.00339 

0 . 239 

0.01820 

2 3726 

0 1086 

6.971 

1 . 49473 

2.23423 

0.00368 

0.197 

(AE/WO 

O' — > 0 = 

6.08, Prf=94. 9(1.0. M ==2 

TABLE IV 1 

2-Amino-4-inothyl pyridine 

17 1) 

1 

w 


AP 

Ae/W 

11,. 

n2ja 

An- 

aW2/tf 

0.00207 

2.2843 

0.0203 

9 766 

1.49386 

2.23163 

0 00098 

0.473 

0.00436 

2.2987 

0 0347 

7 943 

1.49414 

2 23246 

0.00181 

0.416 

0.00721 

2.3170 

0 . 0539 

7 482 

1.49419 

2.23261 

0.00196 

0.272 

0.01021 

2.3363 

0.0713 

0 984 

1 49444 

2.23336 

0,00270 

0 

0/. 264 

0 01267 

2 3438 

0 0708 

6 . 306 

1 49464 

2.23396 

0 00331 

0.261 

(^l'/W)j^r y Q — 8- 

67, (Aw2/W')^_^ „= 0.650. P^==r]4l .0 c.c. 

TABLE V 

2-Ainino-6-methyl pyridine 

M ^2.66D 

w 

6)2 

Ae 

AEjW 

^12 

W'!,2 

AW2 

An'-ijW 

0.00202 

2 2782 

0.0142 

7.021 

1 .49411 

2.23237 

0.00172 

0.851 

0.00204 

2.2819 

0.0179 

6.103 

1 . 40427 

_2. 23284 

0.00219 

0.747 

0.00678 

2.3026 

0.0386 

6.089 

1 . 49462 

2.23300 

0.00325 

0.479 

0.0099.3 

2 3181 

0 . 0641 

6.460 

1 . 40462 

2.23390 

0.00326 

0.827 

0.01371 

2.3363 

0.0713 

6.198 

1 . 49464 

2.23306 

0.00331 

0.241 


_^P = 6.32, Prt=in.4o.c. /*=;=8.35D 
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TABLE VI 


2-Amino-tt-methyl pyridiiie 


w 

Cl-J 


AefW 





0.01405 

2 3167 

0.0517 

3. 678 

1 .49661 

2.23680 

0.00621 

0.442 

0.01899 

2.3348 

0.0708 

3.729 

1.49633 

2 . 23900 

0.00836 

0.440 

0.028 JO 

2.3699 

0 1069 

3.701 

1 49692 

2 24078 

0 01013 

0.360 

0.03001 

2 4023 

0 1383 

3..S40 

1.49756 

2.24209 

0.01204 

0.334 

0.04561 

2.4400 

0 1760 

3.859 

1 .49783 

2,24350 

0.01286 

0.282 

{^SlW)yy — 3. 

,00.5, ^0"- 

=0 610. 

J\, = 03 2 

(s.e. H — J 

1 .77 D 




TABLE VII 






2-Ainiiio.4-6-dimothyl pyridine 



w 

‘’la 

Ae 


Hi-, 



An’ijW 

0 01112 

2 3138 

0 0498 

4.483 

1 49528 

2.23580 

0.00621 

0 460 

0.01738 

2.3389 

0.0749 

4 308 

1 49587 

2 23703 

0 00698 

0 402 

0 02518 

2 3064 

0 1024 

4.069 

I 49629 

2 23890 

0 00825 

0.328 

0.03487 

2 . 3999 

0 1359 

3 . 890 

1.49608 

2,24007 

0 . 00942 

0.270 

0.04056 

2 4133 

0.1493 

3.696 

1 . 49747 

2 2J242 

0.01177 

0 290 


-97 7 0.(1. 

M ^2.20D 




TABLE VIII 





Subsiunuo 


fi obwerved 

H oaleuluted 

•2 

-AeelyJ pjridino 



2 85 

2 81 U 

3-Aoetyl pyi'idine 



2.53 

0.71 


2 

-Aiiiirio-3-methyl pyridine 


2 17 

2.35 


2 

■Aiiciino-4-methyl pyndino 


2.05 

2,28 


2-Araino-6-motliyl pyridine 


2.36 

1.92 


2.Amino-6-inethyl pyridine 


1.77 

1.59 


2-Amino-4 : 

0-dimethyl pyridine 


2 20 

1.92 



la the case of acetyl pyridiiiea, the agreement between calculated and observed 
values is satisfactory when the acetyl group is in the a-position. Eor //-acetyl 
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pyridine the calculated value is very low compared to the observed value of 2.63. 
This difference is so much that it cannot be accounted for by experimental errors. 
The discrepancy may be understood when the y-acetyl pyridine is also investi- 
gated. 

The group moments of CHg and NHg have the same sign but opposite to that 
of pyridine moment. As the group NHa is fixed in the a-positioii in all the 
compounds investigated, the moment to be expected for 2-amino-3-methyl 
pyridine is that of 2-ammo pyridine plus the small contribution of CH3. The 
observed value appears to be somewhat less than the expected value. When 
CH3 is in the y-position the moment observed is maximum indicating negli- 
gible effect of NHg on CH3 and an approximate moment of 2.17-f-0.40 = 2.67 
may be expected for this compound. The observed value of 2.66 shows fail- 
agreement with the expected value though considerably greater than the cal- 
culated value obtained by simple vectorial method. The value of 2.17 foir 2-amino 
pyridine includes the inductive and resonance effects between pyridine and NHa 
group. \ 

In the case t)f 2 -amino- 5 -methyl pyridine the CHg group is in the meta- 
position relative to N- and away from NHg unlike in 2-amino-3-mothyl pyridine. 
Assuming negligible effect of NHg, a moment of 2.39 is to be expected Which is 
close to 2.36 observed for this compound. 2-amino-6-methyl pyridine should 
have the minimum moment since both NHa and CHg are ortho-to N. The observed 
value of 1.77 is minimum for all those compounds and is slightly greater than 
the value of 1.66 observed for 2 : 6-dimeihyl pyridmo as is to be expected. 

The moment value for 2-amino-4-6-dimothyl pyridine should be obtained 
by adding CHg group moment to that of 2-aTuino-6-methyl pyridine since CHg 
which is added is para-to N. The observed value of 2.20 is in reasonable agree- 
ment with 2.17 which is the expected value. 

In conclusion, the author considers that a much large)’ amount of data on 
pyridine compounds with various substitutions in different positions have to 
be collected before the structure and resonance effects in these compounds can 
be completely discussed. 
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CORRECTION FOR STOKES’ LAW 

N. B. GOKHALE and K. M. GATHA 

Physics Depautment, Institute of Sojenck, Bombay- 1 
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ABSTRACT. Millikan’s coiTwtion to Stokes’ law for water droplets falling through 
ttir has been measured, Some necessary improvements over Millikan’s method have been 
introduced. The present direct nioasuremont yields tho value A = 0.701 for the relevant 
correction constant 


INTRODUCTION 

To study the rate of evaporation of unattached water droplets, they have 
been allowed to evaporate at a controlled temperature and pressure within 
Millikan’s oil-drop apparatus, containing air at some specified relative humidity 
With the help of Stokes’ law, the droplet radii have been calculated by measuring 
the values of velocity under gravity at intervals in the usual manner. The range 
of the droplet radii in tho present series of experiments varies from 5x10“® cm 
to 2 X 10”^ cm. Since such droplet radn are not large compared to the mean 
free path in air at room temperature and atmospheric pressure, Millikan’s correc- 
tion to Stokes’ law has been experimentally determined for water droplets falling 
through air. 

MIL]. IRAN’S COR RUCTION TO STOIC RS’ LAW 

Tn gases at ordinary pressures the slip due to molecular inhomogoneities makes 
Stokes’ law slightly incorrect even for spheres with radii as large as 0.006 mm 
Mill'kan lias suggested that the usual Stokes’ law should be replaced by an equa- 
tion of the general form, 

X - 67nyJ2F,(l+^7/i2)“i ... (1 ) 

where I is the molecular mean free path in air and 

A’ ( 2 ) 

where A and B are constants depending on the nature of the gas and the drop 
substance, while C is equal to 1.25 Millikan determined the values of by 
the oil-drop method, for a wide range of tho ratio IfR, for different drop substances 
and media. 

The correction can also be written as (l-f6/pi2)-i, where 6 

is a constant and p is the pressure. 

621 
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n E T 10 It M I N A 'r 1 O N OF A' F O K WATER D R O P L E T 8 
l^'LLING through AIR 

It may be noted that as the readings in the present series of experiments 
are taken at atmospheric pressure, the second term in equation (2) would be- 
eonie quite negligible and A' is equal to A 

The higher rate of evaporation of water, as compared to that (jf oil, makes 
the application of Millikan’s procedure to determine the value of A' for water 
rather difficult. In order to avoid any appreciable evaporation of the observed 
droplet, the following three precautions have been taken; 

(i) The air inside the chamber was made saturated with water Vapour 
by keeping four small water-boats inside this chamber 

(ii) With the above arrangement the air inside the chamber is made 
saturated for plane water surface. However, small drops \jrith radii 
of the order of 1()~^ to 10“® cm will evaporate as the vapoun pressure 
on a convex surface is more than that on a plane surface Hen^ before 

TABLE I 

Observed relation between and (l/pW) 


rD Ig tj VgX^O'’^ u/XlO'** n PiXiOto ExlO^ ji; (om l/pR 

§ (hoc) (hoc) (cin.'sec) (ciu/hoc) (o.b ii.) (e.B.u.) x lOs (cm) ofHg) | 

d • 


1 



3 

1 


4 


5 


6 

7 


8 


1) 

10 

11 

12 


1 

40, 

,0 

3. 

2 

2 

026 

25. 

31 

17 

91 

3 

5. 

970 

70 

89 

4 

142 

70.40 

316. 

,0 

2 

26, 

.3 

4. 

6 

3 

202 

18 

.00 

17 

.46 

3 

5. 

820 

09 

.69 

5 

.208 

76.30 

261, 

,7 

3 

8, 

,5 

14. 

7 

9, 

,630 

5 

.611 

21 

.36 

4 

5. 

340 

66 

.20 

8 

.984 

76.40 

145. 

.6 

4 

14 

0 

8. 

8 

6, 

,786 

9 

204 

16 

.60 

3 

6. 

633 

67 

.39 

7 

.001 

76 . 36 

187 

1 

5 

30 

.7 

6. 

2 

2 

638 

13, 

.06 

11 

73 

2 

5. 

866 

70 

06 

4 

729 

76.45 

276. 

.7 

6b 

21. 

6 

5 

3 

3. 

768 

16. 

29 

17. 

02 

3 

5 

673 

68 

62 

6. 

.649 

76 46 

231, 

.6 

7 

16 

.0 

7. 

3 

rt 

.063 

11 

.10 

16 

.74 

3 

6. 

,580 

07 

,76 

6 

649 

76.40 

199. 

.8 

8 

41 

.0 

11. 

0 

1 

.976 

7 

:364 

6 

.042 

1 

6, 

,042 

71 

.47 

4 

.091 

76 . 40 

320. 

.0 

» 

7, 

.6 

24. 

6 

10 

.80 

3 

.294 

21 

.31 

4 

6. 

,327 

66 

.70 

9 

.666 

76.60 

136. 

.7 

10 

11 

.9 

12. 

0 

6. 

.908 

6 

.760 

16 

.28 

3 

6. 

426 

66 

.63 

7 

.600 

76.50 

172. 

.1 

11 

0 

.9 

9. 

9 

8 

.183 

8 

.183 

21 

.54 

4 

6 

385 

66 

.19 

8 

.326 

76 36 

167. 

,3 

12 

27 

.6 

6. 

8 

2 

.936 

11 

.91 

11 

.70 

2 

6. 

860 

69 

.96 

4 

.986 

76.30 

262. 

8 
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starting to take observations on a droplet, ooiisiderable spraying caused 
numerous droplets to enter the chamber and evaporate for some time. 
This procedure further reduced the rate of evapoi ation of the droplet 
under observation 

(iii) l"he time for which the drophit was under observation was minimized 
so as to make its evaporation negligible for all practical purposes. The 
procedure of taking observations has therefore been altered from that 
followed by Millikan The velocity iiiiflor giavity for the droplet 
was measured and almost immediately its velocity in the opposite 
direction, with the electric field on, was noted 

Only two such observations were recorded for each droplet. The variation 
in the values of the electronic (iharge ascertained by preliminary observations, 
was from 5x10“^" e.s.u. to 6 x 10~i“e.KU. for the dorplet radii in the present 
series of experiments. Hemse it was possible to guess correctly the value of u 
when the same was small, ft is for this reason that the value is chosen equal to 
or less than 4. 

A number of preliminary observations were taken to calculate approximately 
the value of e^. But only those observations, with n botv'cen 1 and 4 were used 



1. Variation of ez/3 against {lIpU). 

for further calculations. These observations are presented in Table I. In 
making these calculations, the density of the liquid (t= 0.996 gm cm"®, the density 
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of the medium 0.00129 gm cm-“ and the viscosity of the medium 183.2 
X 10"“ dynes im sq. cm. per unit vel. grad, have been used. Further, one divi- 
sion of the tele-microsoope equals 0.081 cm. The second column of Table I gives 
the values of the time tg taken by the droplet to traverse one division in the tele- 
microscope under the gravitational field alone. Whereas, the third column 
gives the values of the time if taken by the dorplet to travel one such division 
when the electric field is applied. After calculating Vg and F/, calculated 
with F — 2.1 S3 volts cm"F The values and are presented in the eighth 
and ninth columns respectively The tenth column gives the values ol R and the 
last column gives the values of (l/piiJ) varying between 130.7 and 320. 

The gi’aph showing the variation of against (^I'pR) ib shown in figure 1. 
The points lie fairly well on a straight line that passes through the calculated value 
of when {^jpR) is Kero The constant h was cahnilated from the slope of this 
straight line giving S ~ 0.000512 Taking / — 9.6x 10"“ cm and nojiiiig that 
^ — hipl, the value of A was calculated giving A — 0 701. 
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ELECTRONIC SPECTRA OF o-CHLOROPHENOL IN 
DIFFERENT ENVIRONMENTS AND AT 
DIFFERENT TEMPERATURES* 

S. B. BOY 

OPTIHH J3j£J»AUTMi!!NT, InDJAN ASSOCIATION Ji'Ol? 'I'JJJfl C’njjTTVATJON OH' 

SoiENCifi, JaDAVPUR, (/A1iCUTTA-32 
{Haveiiml for ptMication ^ September 10, 1058) 

ABSTRACT. Tnvosti gallons have been caiTiedoul on the ultraviolet abHoi|jlion Hjtoetiii 
ol pure o-ohloiophonol and its solutions in CClj, oyeJohexano, 3 -methyl pentane and isobutyi 
alcohol at different temiioratures. Both the pure liquid and .01 % solution in CCl^ show baiul 
systoms with the 0,0 band at 35475 ciu“i, the bands in the loniior case being much bi’oadei. 
From a compansori of these spectra with those di..o to the vapour it has been concluded thal 
some ol the molecules in tho pure liquid and moat of tho molecules in the solution are of 
trams configuration. Broadening of tho bunds in tho spectrum due to pin e liquid la aacnbod 
to the lU’oaence of dimers in the liquid. 

Tho spectra duo to .01% solution in 3-methylpontano or cyclohexane are found l/O 
consist of a strong syatom of bands aceoiupaniod by a much weakei systoin diajilaced Irom the 
former towards higher energies by 346 cm-' The stronger system his been assigned to Irans 
molecules and the weaker one to moloeulos which (orm Tl-Cl bonds with neighbouring solvenl 
molecules 

The speotrum due to .01% solution m isobutyi alcohol sliows a band system shiltod 
t/owards lorigor wavelengths with respect to that in the case of tho pure liijuid by about 
400 om“i . This unusually large shift towards rod has boon accounted for by assuming a strong 
intoraction between solvent and solute moleculoa resulting in the Ibnnnlion o( a compoiuid 
similar to a ti'isubstitutod benzene compound. 

INTRODUCTION 

It was first pointed ont by Pauling (1936) that the two peaks at 6910 
and 7050 cm“^ observed by Wulf and Liddel (1935) in the infra red spectrum 
of solution of o-chlorophenol in CCJ^, might be due to the first harmonic of O H 
valence oscillation in the cis and the trails configuration rospoclively. Later, 
Davies (1938) in repeating the same investigation in the region of 3450-3600 cm~^ 
at different temperature, supported tho hypothesis of Pauling. 

Errera and Mollet (1935) observed a broad absorjition peak with a 
maximum at 6620 cm“^ in the infra rod spectrum of the pure liquid. Pauling 
(1945) interpreted the result by suggesting that the further lowering* of 0-H 
frequency even, below 6910 cm“b might be due to formation of dimers in which 

♦ Communicated by Prof. kS, C Sirkar, 
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the hydrogen atom of the 0-H group in the trans molecule is linked with the 
oxygen atom of 0-H group in the cis molecules in the liquid, 

W. Liittke and R. Mecke (1960) also uivestigated the infrared spectrum of 
o-chlorophenol in solution of CCI4 in the region of 10000-10500 cm“i and reported 
that the strong band at 10090 cm~^ and weak band at 10325 cm^^ are due to 
second harmonic of the 0-H valence oscillation in the ois and the trans form 
respectively. These frequencies are not one and half times of those reported by 
Wulf and Liddel (1935). 

Recently. Sirkar el al (J95S) investigated the infrared sjjectrum of 
o-chlorophenol in the liquid state and its solution in CCl* and cyclohexane at various 
concentrations and temperatures in the region 3000-3700 cm“^ They reported 
that the broad absorption bands due to o-chlorophenol in the pure liquid might 
be produced by the superposition of the three main broad Viands at 3320, 3450 
and 3600 cm-^ with a small inflexion al 3620 cni" ^ They ascribed the first peak 
to dimers as proposed by Pauling and the second one al 3450 cm~^ iVi the cis 
molecules. From the spectrum due to 5% solution of o-chloroplienol Un CCI4, 
Sirkai' et al concluded that the strong absorption peak at 3533 cm"' im due to 
the 0-H valence oscillation in trans molecules and suggested that 351^5 cm"' 
might be due to a combination frequency 

From an investigation of the Raman sjieotra of solutions of o-chlorophenol in 
different solvents Mukherjec (1968) reported that the intensity of 0-1! line 3533 
cm”' increases with decrease of concentration of the solution. He concluded 
that the molecules of trans configuration become predominant in weak solution. 

It is well known that the ultraviolet absorption spectra of substituted 
benzenes arc affected appreciably by environment (Roy, 1956). It would, 
therefore, be interesting to study the influence of environment, on the ultraviolet 
absorption spectrum of the ortho chlorophonol molecule. The object of the 
present investigation was to study such spectra of solutions of o-cliloropheuol 
ill different/ solvent, s in the liquid and solid states with a view to finding out whethei 
the data furnished any information regarding the configuration of the molecule 
in the state of aggregation. The results discussed in the later sections show that 
different solvents have influences of different nature on the absorption spectra 
of the molecule. 


E X P E K 1 M Ifl N r A L 

The experimental arrangement is similar to that described in an earlier 
paper (Roy, 1966). The solvents used were CCI4, cyclohexane, 3-methyl pentane 
and i8ol)utyl alcohol. TVie latter two solvents form rigid glass at — 180°C. Al] 
the solvents were found to have no absorption in the region under consideration. 
o*Ohlorophenol obtained from B.D.H. was of chemically pure quality. It was 
fractionated and the proper fraction was redistilled under reduced pressure. 
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Electronic Spectra of o-Cklorophenot, etc. 

The spectra were photographed on Ilford HP 3 films with a Hilger mediujn quartz 
spectrograph. Iron arc spectrum was taken on each film as a comparison. 
Microphotometric records were taken with a ICipp and Zonen type microphoto- 
meter. The absorption spectra were calibrated with the help ol miorophotometric 
records of iron lino^ using the method described earlier (Iloy, 1956). 

U E K ir L 'r (S AMD D i S (J U S S J O N 

The miorophotometric records of the absorption spectra of o-chlorophenol in 
the liquid and the solid state and its solution in COI 4 are given in figure 1 ; those of 


(0 


(b) 


(«) 



34 35 3G 37 38 x 10'* 

i' lu cin-^ — > 

Fig. 1. MiorophoioHioti’ic lecorclH oj ahsoiptioii Hpectni of o-uliloi ophennl 
((r) 01 “/ Holuijru in CCI,j with 5 mtn coll iit SO^'F 

(fc) Pure liquid at .30°C 
(f) Pure solid a I — 180°C 

the solutions in cyclohexane, 3-methyl pentane][and isobutyl alcohol aie given 
in figures 2 and 3. The frequencies of the absorption bands and their probable 
assignments are given in Tables 1, II and III. Tho data for the gaseous state 
(Eainasastri, 1951) are included in Table I for comparison 

It can be seen from figure 1(a) that the spectrum due to .01% solution of 
o-chlorophenol in COI 4 consists of three sharp bands with the 0,0 baud at 
35475 cm-i and excited state vibration frequency 917 cm“b whereas in the 
vapour state the 0, 0 band is at 35892 cm-' and the corresponding excited state 
frequency is 953 cm-'. So the solvent produces a shift of the band system 
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to lower energies of about 417 cm~^ and slight lowering of excited state frequency. 
The pure liquid shows much broader bands with their centres in the same 
positions as in the spectrum duo to the solution in carbon tetrachloride. It is 
thus evident that the cause of this lowering of excited state energy of the molecule 
is the same in both the cases. Only chlorine atom is common in both the carbon 
tetrachloride molecule and o-chlorophenol molecule and probably the influence 
of the chlorine atom of a neighbouring molecule is responsible for this shift of 
the 0, 0 baud. In that case it appears that the chlorine atom of the w-clilorophenol 
molecule in the liquid state is free to form some sort of linkage with the hydro- 
geji atom of the benzene ring in the neighbouring molecule and in the solution 
in CCI4. the cdilorino atom of the solvent molecule may form such linkages with 
the hydrogen atom of benzene ring of the o-chlorophenol molecule. 

In the solution each molecule of the solute is surrounded by large number 
of atoms of the solvent molecules and therefore there is higher probability of more 
than one (l-H group being under the influence of surrounding chlorine atoms 
than in the pure liquid If such an influence in the soUitioii on moreUhan one 
(1-H gioup would shift the 0, 0 band to 86476 cm"h only a fraction of ihe total 
number of the molecules may be under such an influence m the pure liquid and 
in the rest only one CH group may bo under the influence of the chlorine atom 
of a neighbouring molecule. The shift of the 0, 0 band in the case of these latter 
molecules from its position in the spectrum duo to vapour is expected to he smaller. 
The position of the broad 0. 0 band on the shorter wavelength side of 35476 cni ^ 
may be produced by these latter molecules and also by the dimers u'hich may 
bo present in the liquid (Paulmg, 1046) j 

Thus it (!an be (ioncludcd from these results that m the pure liquid some of 
the molecules have the chlorine atom free from the mfluonco of the 0-H grouj) 
and these molecules are of the trans contiguration. Honce it can be seen from 
the above arguments that in the solution iii carbon tetrachloride most of the 
molecules ot tlie solute have the trans configuration. This conclusion is 111 agree- 
ment with those arrived at by Sirkar ai al (1958) from the results of the investi- 
gation on the infrared absoiption spectra of solutions of o-chlorophonol. 

The spectrum due to pure solid at — J80‘'C (ligurol c), however, consists 
of three bands which are slightly shai’iier than that due to jiure liquid and the 
0, 0 band at 35600 cm-^, is shifted towards shorter wavelength from the main 
peak at 36475 cm"^ in the spectrum due to pure liquid. This main peak is due 
to the molecules in which more than one CH gremp are under the influence 
of chlorine atom of the neighbouring molecules and the portion on the shorter 
wavelength side of the band at 36475 cm-^ has been assigned to those molecules 
in which only one CH group has been affected by the chlorine atom of the neigh- 
bouring molecule. So it appears that in the solid state the number of latter 
molecules increases and the number of those molocules in which more than one 
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CH group are affected, diminiahes. If the position of the broad band due to the 
Uquid further away from 36476 cm-i towards shorter wavelength be assigned to 
dimers in which O-H -0 is formed between two molecules, it appears that the 
number of such molecules in the solid state is much smaller because the absorption 
in this region in the solid state is very small. 

Figure 2 (a) shows that in the spectrum duo to solution of orthochlorophenol 
in 3-methyl pentane in addition to three strong bands, as in the case of solution 
in CCI 4 , three other weaker bands appear and the 0 , 0 baud n,t 35640 cm-^ is shifted 
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Fig. 2. Microphoiometric records of the absorption specti'a of o>ch]oropheDol, 

(а) .01% solution in 3 methyl pentane with 6 nun cell at 30' C. 

(б) .01% solution in 3 methyr pentane with B mm coU at — ISO^C. 

(c) .01% solution in oyclohoxane with 6 mm cell at 30“O. 

towards higher energy by 166 cm“^ with, respect to that due to the liquid. This 
shift con be explained by assuming that as the chlorine atom is surrounded by 
large number of hydrogen atoms in the solvent molecules, the O-II group is 
set free and the molecliles assume trans cohhgurati on . If in some of these molecul es 
the chlorinelatom-WQuld form a virtual bond with the hydi’ugfiiLatozn-Qlthe solvent 
6 
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molecule, the migration effect would be reduced and the band system would 
shift to higher energies. The weak band at 359B6 cm~^aud the other two such 
bands on the shorter wavelength aide may be due to these molecules. It is seen 
from figure 2(b) that when solution is frozen and cooled to — 180°C, the intensity 
of the weaker band system increases and the bands are shifted towards higher 
energies, This is expected according to the hypothesis mentioned above, because 
at lower temperature, the distance between molecules diminishes and the probabi- 
lity of H-Cl bond formation increases and also the strength of the bond is expected 
to increase at closer distances. 


TABLE I 




Absorption spectra 

of o-chlorophenol 


Vapour (RaiiiaBasiri . 
1961) 

Prominent hande 

Liquid at 28“C 

Solid at - ISO^C 

. 01 % Hol.m CCI 4 
(liquid at p 8 '’C) 

V in om-i 

Afiflign- 

ment 

p in cm“J 

nient 

Aasign- 

p in cm-J ment 

isign- 

V in cm”i i^ont 

35892 (vs) 

''o 

36476 (b) 

"o 

36600 (b) i-o 

36476 (,B) »*o\ 

36387 (w) 

Vq 495 

36392 (b) 

b917 

36512(b) 1*0 + 012 

36392 ((b) i*„\| 917 

36527 (Ml) 

roH-035 

37310 (b) 

1-0 + 2x917 

37426 (w) 1*0 H 2x912 37310 (w) r,, 1-2x91 7 

36603 (m) 

p Q -j- 80 1 





36846 (s) 

ro‘l-953 





36982 (in) 

i>o+1090 





37092 (w) 

i>(i+ 1200 




. ' 

37377 (vw) 

i>o-f-1486 






TABLE II 

Absorption spectra of o-chloropheiiol 


.01% sol. in 3-metbyl 
pentane (liq. at 28 "C) 

.01% sol. of 

3 -methyl pentane 
(solid at -IBO^C.) 

.01% sol. in oyolo- 
hexane (liquid at 

28“C) 

V in cin“i 

Afisign- 

ment 

p in om-i 

Aasign- 

ment 

p in um“i 

36640 (s) 

Va 

36767 (B) 

"0 

36729 (b) Ho 

36986 (w) 

"o' 

36286 (m) 

"o' 

36079 (w) Ho' 

36662 (s) 

" 0+^12 

36672 (b) 

Po +906 

36646 (b) Ho +916 

36903 (w) 

i»o^ + 91 2 

37191 (m) 

»»o' + 906 

36998 (w) H/+916 

37470 (m) 

Jirt + 2x9l2 

37680 (w) 

Ho +905 X 2 37656 (w) Hq +916x2 
37917(vw) Ho' + 916x2 
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TABLE in 

Absorption speotra of o-chlorophenol 


,01% sol. in isobutyl 
aloohol (liq. at 28®0) 

.01% 80 l, in 
isobutyl alcohol 
(solid at -180“C) 

20% sol. in isobutyl 
alcohol (liq. at 28“C) 

20% Bol. in isobutyl 
aloohol (solid at 
-180“C) 

p in om“i 

Assign- 1 
ment 

V in cin-i 

Assign- 

ment 

p in om-i Assign- 

nient 

p in cin~3 

> Assign - 

mont 

36066 (m) 

"o 

36066 (m) 

P» 

36488 (b) Pq 


p« 

36241 (s) 

»'(/ 

36241 (s) 

vn 

36406(b) p„-h917 

36476 


36488 (m) 


36488 (m) 


.37329 (b) P„4 917x2 

36392 

Po + 917 

36985 (s) 

Pq +920 

36986 (s) 

Pq 1-920 


37316 

1^0 + 917x2 

36168 (s) 

•'fl'+on 

36168 (s) 

I'o'+on 




36405 (in) 

Po"+mi 

36401 (ni) 

Pq* 4-917 




36902 (w) 

Vn 1-2x917 

36902 (w) 

Pq 1-2x917 



37094 (w) 

Po'-h 2x917 

37094 (w) 

P„'-| 2x917 



37329 (vw) 

p«'' + 2x 917 

37329 (vw) 

Po*-f-2x9l7 




Similar results are also observed in the case of solution of o-ohlorophenol 
in cyclohexane at rpom temperature. 

It can bo seen from figure 3(d) Table III that the 0,0 band m the spectrum 
due to .01% solution of o-chlorophonol in isobutyl alcohol at room temperature 
is shifted towards longer wavelengths even with respect to the 0, 0 band due to 
the pure liquid by about 410 cm~^. This large shift towards red suggests that 
some strong interaction takes place between o-chlorophenol and isobutyl alcohol 
molecules. Strong interaction between o-chlorophenol and alcohol molecules 
was also reported by Kene Freymann (1940) from the intensity of .99/« band in 
the infrared absorption spectrum of solution of o-ohlorophenol in alcohols. It 
is evident from the amount of shift of the band system that the interaction 
between o-chlorophenol molecule and isobutyl alcohol molecules is different from 
that between o-chlorophenol in methyl pentane or cyclohexane. In this case for- 
mation of some new types of bonds between 0-H group of alcohol and hydrogen 
atom of CH group of chlorophenol may take place, and thereby a trisubstituted 
benzene-like componnd is produced. This explanation is supported by the fad 
that the calculated position of the 0, 0 band at 35130 cra”^ in the spectrum due 
to pure 1,3, 5-trichlorobenz6ne in the liquid state is near to the band at 35065 
cm“^ in the spectrum due to .01 % solution of o-chlorophenol in the liquid state. 
The spectrum due to frozen .01 % solution of o-chlorophenol in isobutyl alcohol 
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is similar to that due to same l oliition in liquid state, but bands become sharper 
at the lower temperature. 

The spectrum due to 20% solution of o-chlorophenol in isobutyl alcohol is 
similar to that of the pure substance, only with slight shift towards longer 



V m cra-i — ► 

Fig. 3- Miorophotometric records of the absorption spectra of o-ohlorophenol. 
(a) 207o solution in isobutyl alcohol at — 180"C. 

(*») » ». „ 30“C. 

(e) , 017 , „ „ ^180’C. 

('*) ** ». * 80 «a 
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wavelength. SOj ab in the case of pure liquid most of the o-chlorophenoi mole- 
oules in 20% solution remain in groups and give speotrum like that of the pure 
substance. 
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CHARGE-TRANSFER TRANSITION IN CI2+ 

V. VENKATESWARA RAO and P. TIRUVENGANNA Ii|aO 

tJpBOTRoaoopio Labohatobieb, Andhra Universitv, Waxtatr 
(Received for pubhcation September 8, 1 958) 

Recently the authors (Rao and Rao, 1968) have carried out detailed Votational 
analysis of some of the prominent bands of systems I and 111 analysed by 
Haranath and Rao (1956) in the visible emission spectrum of CI 2 +. The 
rotational analysis shows that systems I and III arise respectively from 
^IIi /2 a-nd “^flg/a components of a 211(0)— transition. The two 
systems were interpreted on the basis of predicted electronic states from electron 
configurations by Miilliken (1934) in CI 2 +, with lower “fl states arising' from the 
ground state configuration (Cj^Sp)® (tt^Sj?)* i/ia upper states 

from the first excited electron configuration (cTy^p)^ i^u^P)^ (^(/^P)^’ ’^R-’a/au* i/a’*- 

Most of the prominent bands in the visible emission spectrum of Cla''' belong 
to these two systems. It is tempting to explain the rather high intensity of 
the bands of siibsystemB I and III on the basis of a charge-transfer spectrum. 
The transition of an electron in a diatomic molecule from a bonding to the corres- 
ponding antibonding orbital is always an allowed transition. The intensity of 
such a transition in a molecule was first shown by Mulliken (1939) to be high 
The 7’ value for such a transition has been shown to be of the same order as for 
the first members of a Ryderg series. Such transitions were called by Mulliken 
as charge-transfer spectra. Examples of these transitions are known in the 
spectra of Ha, Ha"*', Og, Oa+ and the halogen molecules. In Og the transition 

from the ground state ...... ( 7 ru 2 p)^ (7rg2p)^, to the excited state (tTu^p)^ 

(7r„2p)\ represents the Schuman-Runge bands in absorption. In this 

transition an electron goes from the bonding (7rg2p) orbital to the corresponding 
antibonding (7r^2^3) orbital. As this is an example of charge-transfer spectrum, 
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A considerable mteusity is expected, and indeed observed. Further, the vibra- 
tional frequency in the excited state is reduced to 819 cm“^ from a value of 
1580 cm~^ in the ground state. The ultraviolet bands of O 2 + observed in emission 
arising from the transition 

(^u2p)“ ^ ri„-> (7r„2p)« K2p), Hly 

ai’e another example of this type. In the excited state, an electron goes from 
the bonding orbital to the corresponding antibonding { 7 Tg 2 p) orbital. 

Since there are 4 electrons in the (7r,j2^) orbital which can carry out this transition, 
a considerable intensity is expected. The observed high intensity of the ultra- 
violet bands of O 2 + is in agreement with this conclusion. Also the vibrational 
frequency in the excited state is reduced to 900 cm"^ from 1876 om”^ in the 
ground state. By analogy with the above two cases we may consider the 

{rrfipY, 

transition observed in emission in Clg"* as an example of a charge -transfer spectrum. 
In this case also an electron goes from the bonding (7r„3jp) orbital to the corres- 
ponding aniibonding orbital m the excited state. Again since there are 

4 such electrons in the {n 3^j) orbital that can carry out this transition, a consider- 
able intensity may be expected as in Og'*’. The observed high intensity of the 
bands of systems J and III support this conclusion. Further, similar to Og and 
O 2 +, the vibrational frequency in the excited state reduces to 348 cm“^ from 
in the ground state. 
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A NEW WIDEBAND DISCRIMINATOR 

N. B. CHAKRABORTl* 

iNHTiTUTi; 01'’ Radio Phybics and Eubcthoniob, Univbbhitv of Caloutta 
{Recnviid for publication, September 30, 1U68) 

ABSTRACT . Tlio preaont note deucribea iv diaariiniriuioi', oinploying ti'anBiiiisBiou linos, 
designed to have linear response over a wide range of frot(uenoy deviation as is required in 
wideband PM work. It has been sliowii that linearity ol response can bo obtained without 
difficulty up to a fractional frequency deviation us high as 50 ]jer cent. 

INTRODUCTION 

Conventional tuned circuit discriminators give linear response for frequency 
deviations which are at best small fractions of the central carrier frequency and 
are hence unsuitable for ivideband PM work. In this paper a now type of 
discriininator has been described which can bo aiTanged to give linear response 
over a raugo even wider than is necessary for wideband PM work in current 
use. Theoretically, the output of the disoriiniiiator is shown to be hneai* to 
within 5% up to a fractional frequency deviation as high as 70%. In a practical 
aiTangemont, liowevor the range of linearity is reduced to about 60%, but even 
this range is considerably higher than what can be approached with ordinary 
tuned circuit discriminators. The discriminator employs physical or artificial 
transmission lines for the generation of sinusoidal frequency functions which 
are then combined to give the familiar ‘/S’ characteristic. 

Circuit arraiigeiiients for different frequency regions are described. 

PRINCIPLE OP THE CIRCUIT 8 

Let U 9 consider the circuit of figure 1(a). The voltage V^j across BC, 
is the sum of the voltage drops Vjjc voltages is developed 

across resistance R^) which is the characteristic impedance of the transmission fine 
of delay <5. Since the travelling current wave at B appears S secs, after the 
application of tlie mput at A, the voltage written as 

Fbc/( 0 == W)+i(e-<5)], 

and operationally as 

*Now at J. K. Institute of Applied Physios. Allahabad University. 
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Hence for a sinusoidal current /e^“* 


rao(i«) = iJo[H-e-^“*U = cos . e ^ 2 . 

or |Fj,(,| = 2i/cos^^ ... (1) 

The input impedance Zj^q equals 2Rq\ hence the input voltage is 2RqI. The 
voltage across AB is the difference between the input voltage 7^^ and the 
voltage Vbo- Hence 

t 'i “4-'J7rH 

V^^(ja^) = {l-e-:l-W=2RJ mi . e' 2 


or 


|7^^| = 2i2o/sin 


2 


(2) 



(^) 


Figi 1. SoKematio diagi-ttin of a tranamiBBion line arrangement for producing ainubOidal 
‘ - voltage output. 

If the circuit be voltage fed as in figure 1(b), the voltage drops are given by 

|FBp|=i’cosi^~ ... (1.1) 

... (2.1) 

Now the voltages Vj^p and V^g wliioh are sinusoidal functions of frequency o) 
can bo combined to give a discriminator characteristic. Thus, from elementary 
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trigonometry, the difference of two voltages of the form sin and cos ~ 

I 2 " 2 

can be written as : 


A, sin ^o«n ( ^-^'j ... (3) 

= ^ 0 , say, 

where Aq = ^~A? + A^ and 0 = tan“i ; 

Tt is seen that Fq is zero at a frequency defined by 


tan-> 



For any other frequency 

w = cao + 

Fo = ^0 sin ( Aw . ~ ... (6) 

Now sin Old is nearly equal to unity for small values of 0. In fact, up to 0 = 
7r/6 radians, sin OjO does not depart from unity by more than 5%. Hence it 
follows that the difference voltage F„ will be linearly related to Aw, for values of 

Aw . -- up to 7r/6 radians, the departure not exceeding 6%. 

Now, for Am . I = 7r/6, -4“_= W? _ from Eq. (4). 

2 W(, Aa 


If A, = A„ = I .= 66.6% 

Wq o 

It is thus clear that by combining differentially the two voltages Vab and 
V^Qj as given by eqns. (1) and (2) or by eqns. (1.1) and (1-2), a discriminator may 
be arranged. The output of such a discriminator, working with FM waves of 
carrier frequency Wq with a frequency deviation Aw, will obviously be linear (to 
within 6%) for fractional frequency deviations as large as 67%. 

It should be noted that this limiting figure is obtained with the constraint 
that Ai = A^. If, however, this constraint is removed and the magnitudes of 
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and A 2 are suitably adjusted, the linearity can be extended even up to 100% 
frequency deviation. 

, co(y . 

It may be noted that the component functions cos and sin themselves 
provide discriminator characteristics around the centre frequencies w = (2jK'+l} ^ 
and 6> == respectively while the combined characteristics sin ^ 
as seen above, is centered round oi = where K is any mteger, Thus 

there will be harmonic response. It is therefore necessary to provide the required 
attenuation at all but the desired mode. The separa.tion between successive 
“modes” in all the three cases is 2nlS, but the ratio between the centre frequencies 
corresponding to the first two modes can be made higher in the combined 
characteristics than in the other two cases. What is more important is that the 
SjN ratio is better in the balanced form, and the maximum fiactionejl frequency 
deviation is the largest. 






Jf^Cothpd 




t 


X 


»oJe 


4-^ 


Po ianhpb 
-WW 




X 


(C) (d> 

Fig. 2. Arrangements employing a single transmission line for generating sinusoidal 
magnitude functions. 

Other circuit arrangements for realising sinusoidal magnitude function and 
hence discriminator characteristics are shown in figure 2. Thesea rrangements 
-utilise reflections at the end of the transmission line and are discussed below. 
Figwre 2(tt) ; 
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Hjt^) = ^ sin caxJ . e^(‘^'5 + iyl2). 


Hence the voltage Vj^q =jE sin e^’(“«+7r/2) 

and F^jj = E cos 

^0 = I ^nc I “ I ^Aii I = sin — v'2^ sin Aw . rf, 

for w =Wo+Aw, where coq = n/id. 


^AB ~ 3^ sin wtf , and Vjic = E cos uS , e^'^'^/2 and hence 

^0 — I ^ ab \ — I ^bc \ — ^ — W^)- 

Both the systems 2(a) and 2(6) are fed from a constant voltage generator. 
Figure 2(c) : 

The current in the branch GBA is 

/ ^o/2 / _ 1 

^ i2(,+Bo tanhpiJ ’ 2 ' l +tanh^xJ 

T If 

Here the voltage | | == — sin oxJ 

and 1 Fb(^ 1 = cos oi^, 


Hence, V, = ! I - ! 


, -v/S. Bin( 6 ) 5 — tan”^ 0 . 6 ) 


o) = too+Aci)> where wq = tan 




Figure 2(d) : 


. y/5 sin (Aw . tf). 


Vab I = -P cos tod, 


yBo\= »in 


, = I I - i F^b I = . V 6 Bill (ico - tan-' 0 2). 


arid F, 
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In figure 3, ai-e shown arrangements where the sinusoidal functions are generated 
by means of two lines, one open and the other short circuited. 



CO (d) 


Vig. 3. Arrangements einiiloying two tranEinunsion lines for generating sinusoidal magniturle 
funotions. 

Figure 3(a) : 

I ^ Ah I = -^^0 I I = -^^0 * ‘ 

and Vo= I - | = \/2 si" (co5 - 7r/4). 

Figure 3(6) : 

I ^AB I = ^ I ^OD I = ^ 

^0 = I I - I ^onl = \/2 ^ Bin (o5 - ttM). 

In figure 3(b) the input impedance is i?o'» equivalent current fed form is as 
shown in figure 3(c). 

Figure 3(c) : 

I - 1 J'ofll = a/ 3 sin (m# —nji). 

I I = I (1 - SOS 2««), I Fob I = ^(1 + oos 2“*). 

I Vq^ I = F sin cod, I VpQ I = r cos w^. 


Figure 3(d) : 
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. . -The.arraiigenxeiits desQribed in the foregoing disoiiSBion-Bire physically reali- 
bable at u JiX as weU as in the r.f, and lower frequency ranges. 

It is also to be noted that in the arrangements of figure 1 and figure 2, both 
voltage fed and current fed systems are equally practicable. Further, in the system 
of figure 2, one can employ lumped equivalents of the input impedance of open* 
or short-circuited transmission lines, some of which are shown in figure 4. Now 



Fig. 4. Lumped equivalent of the input impedance oi an oi)on ended irnnsmiesion line. 
The capacitanceH are in units of and the inductances are in units of 8i?o. 

XCq 

for operation at higher frequencies, ^ and hence Rq have nocessarily to be small, 
thus requiring the use of current fed forms. If higlt iini)edanoe cables arc available, 
one may use the voltage fed forma. 

Variation of the centre frequency : A variation of the centre frequency can 
be effected by adjusting the relative magnitudes of the two voltages (i.e., or 
A^. It is observed from Eq.(4) that a variation of the amiditude factor in the 
coiiine component by 60% results in a variation of the centre frequency by 26%. 
This, however, involves a change in the difference output. 

EXPERIMENTAL ARRANGEMENT 

An experimental arrangement as shown in figure 6 was made. The value 

of R chosen was one that gave a square pulse with step uipiit to the system with 

least leflections. The characteristic impedance was 950 n and the total delay 

(one way) 0.28^ secs. The output impedance of the cathode follower was about 

200n, The voltage across the resistance R was consequently reduced by the 

16 ^ * 
factor jg and the centre frequency shifted to a value greater than • The 

latter could, however, be moved back by adjusting the potentiometer shown in 
figure 6. The system was tested by applying C. W. signal from a standard signal 
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generator and observing the detected outputs | ^ab\ and I ^BQ I • It is found 
from figure 6 that the detected difference output is substantially linear over the 
frequency range 200 kc/s to 600 kc/s, the centi-e frequency in this case being 
400 kc/s. 



Fig. 0. Measured ciiei^raoteristics of the system of figure 5. 

Another arrangement ooiTespouding to the system in figure 3(c) was also 
made as shown in figure 7 and tested. The results obtained are presented in 
figure 8 which shows that ahnost perfect linearity extends up to iSmo/s round 
the centre frequency of 0.4 mc/s. 
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It IB tkuB Been, that in both the diaorimmator arrangementB the owl^ut is 
quite linear up to a frequency deviation of about 50% of the centre fi-equenoy. 



Fip, 7. Altoi’iintive oirouit avvangeinent of a t-mneniiBBion line diwi-nminntor. 



Fig. 8. Measuied obwaoteristice of the system of figure 7. 
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CALCULATIONS OF THE DIPOLE MOMENTS OF TRI- 
SUBSTITUTED BENZENES— 1, 2, 3-, 1, 2, 4-AND 
1,3, 5-SUBSTITUTIONS 

D. V. G. L. NARASIMHA EAO 

Physics J7epahtmbnt, Andtira (Tniversitv, Waltaih 
{^GCfAved for pubhcation October 12, 1068) 

ABSTRACT. Tho previous oalGulationM of tho author on the dipole inonionis ol 1, 2, 4 
tri -substituted benzenes are now extended to the other two — 1, 2, 3 and 1, 3, 6 substi- 
tutions. The equations of Prank are used in ooiiiputing the induced inonionbs since the 
dieleotrio oonstant of the internuelear space is introduced directly in these equations to aooo- 
imt for its effect on the induced moments. Previous calculations on 1, 2, 4 substitution are 
also revised. The equation are applied in the first instance to a few typical molecules for which 
observed moments are available in tho literature. Agreomont between tho calculated and 
observed values is found to be satisfactory for a majority of cases investigated. The calculated 
values also compared well with those deduced empirically by n previous worker. 


INTRODUCTION 

A general moihod was given by the author (Narap.-^rh®^ 1966) for 

calculating the dipole- moments of J . 2. 4 tri -substituted benzenes assummg 
the group moments as may be obtained from the observations on the corres- 
ponding mono-substituted compounds. The equations of Smallwood Herzleld 
(1930) were used in computing the mutual induction of the three primary dipoles 
on one another and also the moments induced in the -CH and -C-C bonds of 
the h ydrooarbon residue by the primary dipoles. The effect of the dielectric 
constant of tho internucloar space was not considered in these equations. To 
allow for this effect the author has applied a correction by multiplying the 
total induced moment by the factor e+2/3e where e is the dielectric constant 
of the intemuclear space assumed as 2.40 following Le Fevre and Le Fevre 
(1937). It was found that improved values could be obtained for the calculated 
moments when- this correction was applied, 

The calculations are now extended to the other two substitutions also, 1, 2, 
3, and 1, 3, 6. The field equations of Frank (1936) are used in computing tho 
induced moments since the dielectric constant of the intemuclear space is directly 
involved in these equations so that no correction neerl be applied at the . end. 
The previous calculations on 1, 2, 4 substitution are also revised and presented 
in the following pages, . 
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CALCULATIONS 


li 2, 3 auhatitution. Figure 1 represents the case of a 1, 2, 3 substituted 
compound. The appropriate angles and distances are shown in the figure. 

X-components, and are the Y-components of 



Fig. 1. 1 : 2 : subBiitutiou. ^ 

m „2 ftnd respectively (the actual group moment m, is given as m, = 1.843mg 
where m, is the moment of the mono-substituted compound). Applying the 
equations of Frank, the interaction of the three primary dipoles gives the follow- 
equations ; 

f'l + 0.1628oif,' - O. 7939 O 1 V', - 0.7640asf', - 0.7939o,i/', = 
il\ - 0.7939a,i', - 0.70400,)?', - 0.7989o,f', + 0.1628a,)?', = )/, 

0.16286,1', - 0.79396,)?', + {', - 1.22246,1', = {, 

0.79396,f ', -f- 0.70406,)?', - )?', - 0.01126,)?', = -i?, 

0. 70406.1', + 0.79396,)?', + 1.2224c,f', - f, 

- 0.79396,1', -f 0.15286,)?', -|- 0.01126,?', +f, = ?, ... (1) 

where “i/r", = o,. “,/r*, = o,, «,/ri!, = o, 

«,/)*, = 5„ a,/r», = 6„ a,/r», = 6, 

= 6,, otg/r*, = 6,, ot,/)^, = c,. ... (2) 

01, ag, ^3 are the polarisabilities of the three substituent groups. In setting up 

these equations the fields of the induced moments are also considered since we 
have written | and =s ^ Thus as a result of dipolar induction 
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each ( is modified to a certain and each ^ to a certain »/'. Tn order to obtain 
the numerical values of and y', the six equations (1’) are solved by the method of 
post-multiplication (Frazer, Duncan and Collar-1938) giving the values of the six 
variables. 

The induced moments in the remaining — -CH groups at 4, 5, 6 positions 
are calculated along similar lines. Values of the necessary angles and distances 
are given in Table T below. 


TABLE I 


Group 


(4) 

(6) 

(6) 

1 

r 

4.6 

3.9 

2.26 A 


V 

0" 

-30“ 

-60“ 

2 

r 

.3.9 

4.6 

3 9 


t> 

-.30“ 

60“ 

90“ 

3 

r 

2.26 

3.9 

4 6 


nr 

-60“ 

-90“ 

-120“ 


The final values are given as 

Si,=0.008424fA-0.()543^'i+0.0006801|'2“0.014457;'2-0.01663^'3-0.03985//'3 

S,7;r=.-0.06433^'i+0.03780^'i-0.01446|'2-f0.01728iy'2-0.03985^'84-0.06284r/',, 

... (3) 

In evaluating the induced moments in the -C-C bonds the various angles and dis- 
tances aie shown in Table TI. 


TABLE TI 


Group 


(1) 

(3) 

(3) 

(4) 

(0) 

(0) 

1 

r 

1.3 

2.6 

3.438 

3.438 

2.6 

I. 3 A 


V 

30“ 

30“ 

10“64' 

-10“64' 

-30“ 

-30“ 

2 

r 

] .3 

2.6 

3.438 

3.438 

2.0 

1 3 


V 

-.30“ 

-30“ 

-49“6' 

-70“64' 

-90“ 

-90“ 

3 

r 

] 3 

2.6 

.3.4.38 

3.438 

2 6 

] .3 


V 

-90“ 

-00“ 

- 109“6' 

-130“64' 

-150“ 

-160“ 


The sum of the induced moments in -C-C bonds is given as 
0.8266ri+0.07124^'2-0.4359i7'2-f-0.07124f'8-f 0.4359?/'. 
-O.18O0?/\-O.4369f2+O.5746?/'*-fO.4369|'3+O.5746?/'j 


..: ( 4 ) 
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The total contribution due to induction in the unsubstituted — 0 — groups and 
in the — C — C bonds is obtained as 

= 0.8349|'i-0.064:33^'i+0.7183|'2-0.46043/'g+0.06461f'34-0.3961^'8 
AVi+vU) =-0.06433f'i-0.1427i?'i-0.4604f'24-0.6919iy'2+0.3961fe'a+0.63749/'8 

... ( 6 ) 

Finally the resultant moment of the molecule is given as 
II =: iM\ + M\)i 

where + |'t) -|- + ^'a + 

= 1.8349^\-0.06433Vi+1.07183^'a-0.4604i/'8+1.06461f'3+0.3961i/^3 

= — 0.06433^ 'i+0.8673iy'i-0.4504|'2+ 1 .6919 j?'2+0.3961| ' 3 + 1 .6374i;'a 

( 0 ) 

1:2:4 Substitution. Figure 2 gives a picture of this t5rpe of Compound. 
A consideration of the interaction of the three primary dipoles gives thl^ relations 

^'i+0.1628aifa-0.7939ai^'a-1.2224a3|'3=^i 


Y 



Fig. 2. 1:2:4 Bubstitatiou 


0.7939oi{',— O.704Ooi^'2+O.6112aj);'3=^i 
0.16286J'i-0.79396ii;',+{'8-0.76406si',+0.79396j7',=f, 
-0.79396if',-0.76406i?'i+9',+0.79396,f',+0.16286, 
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-1.2224oa|\-0.7640cBfa-f0.7939caT?'a+ra==^8 

().6H2c3i/'i4-0.7939c2r2+0.1628cat/'2+^'3=^y3 ... (7) 

In thifi case the sum of the contributions of the induced moment in the unsubsti- 
tuted — C — H and — C — C bonds (the necessary distances and angles are given 
in Tables I and II of the previous paper —-Narasinha Rao 1966) is 

S(^< H-li') = 0.834ni+0.04658^\-|-0.1337^'a-0.4416//'3+0.8149^'3+0,008762v',, 
S(?/<+^/<)==-0.04668^'i-0.1400i/',-0.4416fa+0.6684i/a+0.008752^'3- 
0.09460jy'a (8) 

The resultant moment is again 

fi = 

with == 1.8343^'i+0.04668??\-l-1.1337|'2-0.4416?/'2+1.8149^'a+0.0087527/'.j 
Jfy=-0.04668ri+0.8600v'i~0.4416^'2+1.6584'v'3+0.008762^'a+0.9066i;'3 

... (9) 

I, 3, 6 substitution. The method of calculation may be understood jfrom 
figure 3. The induced effects in the primary dipoles give the following equations. 


♦ 



3, 1 3:5 substitution 

f'i-0.7640a,f',-0.7939a,i/'j-0.764(tejf',+0.7939aai?',=f, 

?'i-0.7939Osf'j+0.1628ffla?'a+0.7939aars+0.1628a8i?'a=9, 
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-0.78406,|V-0,79396ji/',+rj+0.61126jJ',=f, 

-0.7939^f',+0.16286jyi+7'2-1.2224i,i/',= 

-0.7640cs|'i+0.7939c,i?'i+0.6112ctf',+f'3=|, 

0.7939ojJ',+0.1628cj)>',-1.2224c,i/',+V,=)?8 - (10) 

In computing the induced momentB in the unsubstituted -C-H groups and -G-C 
bonds the angles and distances are given in Tables III and IV respectively. 

TABLE III 


Croup 

(2) 

(4) 

(6) 

J r 

2.26 

4.6 

2 . 26 A 

x 

flO” 

0 ° 

- 60 ° 

X r 

2.26 

2.26 

4.6 


J80° 

~ 60 " 

-J20° 

r 

4.5 

2.26 

2.26 

V 

J20'^ 

60 “ 

180“ 


TABLE IV 


(Iroup 

(1) 

(2) 

(3) 

(4) 

(6) 

(6) 

1 r 

1 3 

2.B 

3.438 

3.438 

2.6 

1.3A 

V 

.30“ 

30° 

10"64' 

-10“64' 

-30“ 

-30° 

X 1 

1.3 

2.6 

3.438 

3.438 

2 6 

1.3 , 

If 


-00° 

-100“6' 

-130°64' 

-160*’ 

-160°' 

3 r 

1.3 

2 6 

3 438 

3.438 

2.6 

1.3 

V 

160“ 

160" 

130“04' 

1O0“6' 

00“ 

90° 


For this substitution 

= O.8179|'i+O.1315|'.ri-O.39dli?'2+O.1315^'a-O.3901r/'a 
=--0.1361v'i-f0.3964'2d-0.68879/'2-0.39614'3+0.6887i/'3 ... (11) 

Finally the total moment of the molecule is given as 
li = with 

= 1.8l79^'i + 1.1316^'2+O.3061i/'a+l-1311il'a”-O.39Ol^'3 
^ 0.8634r/\4‘a3961|'2+l-5887iy'a-0.3961^'3+r6887T/'3 ... (12) 

RESULTS ANB DISCUSSION 

The method desoribed above is applied to apecihc cases in the first instance 
to a few typical molecules for which the observed values are obtained from the 
compilation of Wesson (1948) and listed in the following Table V. The deviations 
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^ ^ l^wicd- and 8 = /^Victor ai‘e also given in the table for oompariaon. 

A partiotxlar point to be noted is the choice of the moment of the mono- 
substituted benzene to bo used in the calculation, i^inco for the same molecule 
various values have been reported in the literature. Values of considered 
to be the m(jst probable by the author and hence used throughout are given 
in Table VI. 


TABLE V 


Coui|joiin(l 


l^oalcd- 

IHed-or 

A 

5 

2, 3- llichloronitrobeii/enc 

3 . 8(i 

4.34D 

4.78 

0 48 

0.92 

2, 4-Diohloroniti'obenzene 

2.00 

3.01 

3 46 

0.36 

0.79 

2, 5- Dioiiloi'onitrobeiizoiio 

3 45 

3.64 

3 96 

0 19 

0.60 

2, tt- Dichloromtirohenzene 

4.IH 

4.76 

6 60 

0..58 

1 32 

3, 5- Dichlovoiutiobenzenc 

2 00 

2.49 

2.40 

0.17 

0.26 

1. 3-5, TrichloroheriSiiOno 

0.28 

0.00 

o.po 

0 28 

0.28 

1, 3-5, Ti'iiodobon/.one 

0 24 

0.00 

0.00 

0.24 

0.24 

3, 5- 1 )i III (I'otoluono 

4 05 

4. 10 

4.34 

0 11 

0 20 


TABLE VI 


(houp 


NOj 

-3.05 

Cl 

-1.66 

1 

-1.26 

OH, 

1 0.39 

Nil:. 

+ 1 . .53 


Conventiojially the group moment is considered x^ositive when the dipole moment 
vector of the group is directed towards the centre of the benzene riixg and negative 
when it is directed away from the centre. The polarisability values a of the 
various groups are assumed from Smallwood and Herzfeld's results (1930). Judged 
from the magnitudes of A and 8 ui Table V it may be seen that for all the molecules 
studied the calculated moments are nearer the observed values when the induced 
moments are taken into account. For the two symmetric substitutions, 1, 3, 6 
tri-chloro- and 1, 3, 6 tri-iodo benzenes, the induced momentf, get cancelled 
and the author’s detailed calculation also gives a zero moment. The reported 
3 
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vailues may be due perhaps to the neglect of atom polarisation as in the similar 
case sym- tri-nitrobenzone. 

The first five molecules listed in the table are the subject of investigation 
by Thomson (1944)-- a sixth isomer is also studied by him — to ascertain whether 
there is any steric inhibition of resonance of the nitio group due to vicinal Cl 
groups. The molecular solution volumes and molecular refraotivities support 
the view that in 2, 0-dichlojomtrobenzene where there are two Cl groups ortho 
to NOg group, resonance between the NOg group and benzene ring is to a large 
extent inhibited. It is suggested that even one Cl ortho to NOg will have a 
certain inhibitory effect on the resonance. Variations in the parachors are of 
the same magnitude and sign as variations in molecular solution volumes. It 
may hence be expected that the dipole moment of 2, B-dichloronitrobenzeno 
will be lower than the calculated value even after allowance for inductive effects. 
He points out that values found for dipole moments “are not incon^istont with 
this view”. Calculated moments are obtained by Thomson using certaii empirical 
rules regarding the interaction of Cl and NO.^ groups, (a) Each chlorine ortho 
to a nitro group will result in a diminution of moment of 0.69D. This\correction 
includes at leasli two factors- the effect of induction and the effect of Uiihibitioji 
of resonance, (b) A chlorine meta to a nitro- group will result in an mcrease of 
moment by 0.16. In his calculations the assumed values of moments are 
CoHeNOa— 3.97, o-C«H4Cla- 2.25, m-CeH4Cl.a-l.48, p-CflH4Cl2. A com- 
parison is made between the values calculated by the author and those of 
Thomson in Table VII below. 


TABLE VII 

(Thomson) (author) 

(lompoiuici gfrt/fd- gtalcd- A 


2 , U-Dichloroiniirobenzeiie 

3.97 

4.34 

0.37 

2, 4-Di«hloronitrobenKene 

3.03 

3.01 

0.02 

2, 6 -IJiohl oruiiitroben/.one 

3,38 

3.04 

0.20 

2, G-Diohloroiiitrobeiizeiie 

4.27 

4.76 

0.49 

3, 6-Diflhloronitrobenzeiie 

2.49 

2.49 

0.00 


The difference between the two types of calculation is shown under A' in the table. 
A' may be taken as an extent of the inhibition of resonance, since a oori'ection for 
this effect is applied by Thomson inherent in rule (a) whereas the author’s values 
take account of induction only. There is no method at present to make an 
exact estimate of this effect by simple theory. As a logical consequence of the 
arguments of Thomson, we may expect that in 2 : 6 dichloronitrobenzene in 
which the proposed effect must be most pronounced, the nitro-group moment 
may have approximately the same value as the corresponding aliphatic compound- 
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uitromethane. If now the calculations are repeated using this value for 
the observed moment may be explained. Such a procedure has been worked out 
assuming = 3.10D and as per our predictions the calculated moment turns 
out as 3.94 D which is slightly less than the obseiwed value 4.18 indicating 
that resonance of the NO 2 group js inhibited to a largo extent, thus establishing the 
essential point of Thomson. 

In 3, 6-dimtro -toluene no such complications are expected since there are 
no methyl or Cl groups ortJio to the NO 2 group and as expected the agreement 
between calculated and observed values is within experimental error. 

A critical account of the assumptions made in the procedure worked out for 
calculating the induced moments and their validity has been given in the previous 
paper by the author. 
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ABSTRACT. Tho rlieleotric piopei4.ies ol’ w. w. rosiH have been ineaHuiod o^'ol‘ n 
wide van( 2 ;e of temporatnre and froquoncy, viz., from 20°O io ]50”f! and from 1 kf/s to 
500 kc/ft. Within the teniperatui'o lanpe of investigation rosin behaves as a iypioal polar 
rosin in the anomalous dispersion range. The range of dispersion i.s wide and Ihis may he 
nxplainod from the distributed relaxation times of its polar units. With the helj > of melt nsily 
data of this resin the si/e of its rotating unit ha.s been calculated folloAvinp Debjo’s relations 
and tho calculated radius conies out to be 4.G A. 

INTRODUCTION 

It has been recently observed (Sen and Bliattacharya, 1968) thai- tester gum, 
which is the glycerol ester of j'osiii, behaves as a typical polar resm. Itsiloss curve 
is a typical absorption curve but owing to its somewhat large mbleruli it has a 
distributed range of relaxation time due to which it has a tvide range of dispersion 
as well as a diminished value of tho dielectric loss. The api)lication of Stokes’ 
law for estimation of the radius of the rotating unit has revealed that probably 
a part of the molecule only rotates and the ester gum molecule as a whole docs 
not take part in the orientation. Chemically speaking ester gum is mainly glycer}' I 
tri-abietate i.e., glycerol ester of abietic acid, the chief constituent of rosin. It 
IS of interest, therefore, to study the dielectric properties of rosin, the raw material 
for ester gum in order to account for its dielectric loss and to obtain an idea of the 
size of the rotating unit in this case. 

There are two types of rosin available at present — one is “gum rosin” 
obtained from the resinous exudation of the pine tree and the other is “wood 
rosin” extracted from stumps of rosin-hearing Avood. Nearly the entire pro- 
duction of Indian rosin is of the gum type. Though extensive work has been 
done in America on the various physical and chemiijal properties of rosin 
produced there, very little information is available about Indian rosin. Hau 
and Simonsen (1924) however have shown that the abietic acid isolated from rosin 
derived from Indian Pinus Longifolia is identical in all respects with the acid 
present in the rosin from American Pinus Palustris. 

THEORETICAL 

The relation between the dielectric constant e' and loss factor e" of a substance 
which exhibits the phenomenon of absorption is expressed as ' 


fi" = e' tan 
656 
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wh«re tan S is the power factor of tlio eondonsor filled with the given dielectric 
material and S is its loss angle. The dielectric constant e' and the power factor 
tan ^ of the condenser may be determined in the usual manner and the dielectric 
loss may be computed. 

Now, the current in phase with the voltage in a c.ondeiiser having dielectric 
lossjs 


If ~ I tan S — o^GV tan S 

^2nfCV^'[ . 
c 

But the value of G for a parallel plate condense]* of area A and the dielectric 
thickness d is given liy 


47rrfx9X 10^^ 


farads. 


Therefore substituting this value of 6*, we have 


I = ’fAIA" 

’ ISxlOiiXd 

Again, if Kf is the toial conductance of this condenser, then 

r 

d' 


Therefore, 


18 xl 0 "^x/r, 


But Kf = Kq-\-K, where Kq and K are the d.c. and a.c. conductance reBpcctivoly. 
Tfenco pure a.c. loss would be 

K X }' M n T M E N T A J. 

Apparatus —The bridge, oscillator and amplifier null detector employed 
for capacity and power factor measurements in the present investigation were 
the same as rejiorted previously (Sen and Bhattachorya, 1958) for ester gum. 
The cell used was also the same. 

Material : — The sample of rosin used was of the “water white” commercial 
grade and was obtained from Napier Paint Works Ltd., Calcutta. The softening 
point of the sample determined by the mercury surface method was 67®C. 
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Method of procedure : — The procedure followed for the measurement of oapa< 
city and power factor as well as for hlUng up the experimental cell has already 
been described in some detail elsewhere (Sen and Bhattacharya, 1958). 

D.c. conductivity was measured at different temperatures using the same 
cell. The values of d.c, conductance reported here were obtained after 2 minutes 
of electrification. For this measurement direct deflection method was used 
employing a precision universal shunt and a sensitive galvanometer. The 
viscosity of the sample was determined using Lee’s modified viscometer (Lee, 
1934) as reported previously (Sen and Bhattacharya, 1967). 

DISCUSSION 

The results of measurements of power factor tan the dielectric constant 
e' and the dielectric loss factor e" for various temperatures and freduencies are 
shown graphically in figures 1, 2 and 3. These curves, it may be seen, indicate 
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the characteristics of a typical polar resin in the anomalous dispersion range. 
Aunost similar curves were obtained in our previotis investigation on ester gum 
and the general interpretations given in our previous paper (Sen and Bhattaoharya, 
1968) as regards its behaviour at different temperatures and frequencies hold 
good in the present case also. A detailed discussion on the electrical behaviour 
of this resin is therefore omitted here. 

The power factor as well as the dielectric loss curves of rosin b^in to rise 
from about 40°C. The dielectric constant is also very small below this tempera- 
ture. The maximum value of power factor remains practically the same for ail 
frequencies and is about 0.033. The region of temperature within which the 
power factor peaks are distributed is about 37°C, the peak for 1 kc/s occurring at 
76°C while that for 600 kc/s occurring at 113®C. 

The values of dielectric constant and power factor reported here arc in good 
agreement with those mentioned by Clare (1949) or by K.itchin and Muller (1928), 
although the samples used by these investigators are of different oiigiii. It 
w’ould be reasonable to think therefore that the basic constituent of rosin primarily 
responsible for its dielectric behaviour is the same in all samples in-espective of 
different methods of processing and different countries of origin. 

As is well known most of the resins are characterised by a band of distributed 
relaxation time instead of a single one as demanded by Debye’s orginal theory. 
Various workers have demonstrated the effect of such distributed relaxation 
times and have indicated the mechanism of such distribution of relaxation times 
in resins. Fuoss and Kirkwood’s (1941) theory which accounted for the existence 
of such bands in high polymers can be used to calculate this factor of distribution 
in resins. Yager (1936) has also shown from theoretical considerations that the 


W- W-ROS/N 



log f 

Fig, 4 


effect of distributed relaxation times in a polar resin is to diminish the maximum 
loss factor and also to widen the dispersion band. These two phenomena 
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often serve as an incUcation of the existence of distributed relaxation times in the 
moleciiic. Ill this case the calculated value of e„," at OO^C, for example, comes 

o/o 
O'oe 
£' 0-06 
O-OLjt 
0 02 


10 
08 

0-4 
0’2 

Fig . G . - \ ' 

6'ui to be 0.20 and the obsci’ved maximum loss factor (from ligure. 5) is 0.096 i.e., 
about half of the theorcthjal value. The dispersion band also sj)read8 over a 
wide range — for at least 5 or 6 decades of frequency. 

From both these coiisidoratioiiP, viz., the diminished value as well as a wide- 
spread disijersion range, a distributed range of relaxation time of the rosm molecule 
suggests itself. It can be seen also from a study of the bluntnoss or flatness of 

the „ vs. ^ curve for this sample compared with the Debye graph in figure 6. 
Jm 

A (lomparative study of the degree of S7ich an effect in different substances 
may bo made by plotting sutdi curves in one giaph where blunter curves will 
indicate greater effect of distributed relaxation -times. 

In the c^aso of a liquid where Stokes’ law is applicable the relaxation time 
T is given by the relation, due to Debye, viz, 

_ 47r^a® 

~ ~KT 

where Vy — coeflicient of viscosity and a = radius of the rotator, 


WW.ROStN 
e' lofff 
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This simple relation of Debye has been found to hold good in cases of liquids 
having molecules of smaller size and simpler shape and proper values of meleoular 
radii aie obtained by putting the macroscopic value of viscosity for in it. 

But the propriety of substituting the macroscopic; value of viscosity for the 
coofiioient of internal friction in the above relation in cases of resins having larger 
and more complex molecular structure is often opeji to criticism. 

In fact, some workers are of opinion that the internal friction experienced 
by the polar grouiJS in their orientation is something quite different fi'om the 
macroscopic viscosity and as such dimensions of the polar units obtained by using 
the macroscopic viscosity for tj in this relation may not represent true values. 
But at the same time it must also be remembered that the the number of cases 
in which proper dimensions of the polar units have been obtained by using the 
macroscopic viscosity in this relation, is not quite a few. it is well known that 
striliingly good agreement between the observed and theoretical values were 
obtained in Mizushima’s (1927) experiments, Smee then many workers have 
obtained for various substances the correct values of radii of their rotating units. 
Race (1931), for example, calculated the dimension of polar particles in mineral 
oils in fair agreement with their correct values. Hartshorn and hn co-workers 
(1940) from their study on a number of xihenolic resms obtained the dimensions 
of the hydroxyl group, the most probable grouj; of the rosin molecule for orienta- 
tion. One of us (Bhattacharya, 1944a. 1944b) also found similar results in the 
case of lac and some of its constituents. 

Again we can write, o S-vn ~ 

'2Kj.' 1 

if it is assuniod that the inner frictional torque is proportional to ma(;roscopi(, 
viscosity. 

Therefore log Tt — C"-|-log -)/ 

0 

But since log 7/ A-h , which may be seen from the viscosity-tempera- 
ture graph in figure S l.o hold good in this case, 

log?V-=f-'”.l g, 

where Q = molar activation energy, and M =■ molar gas constant. 

If the above assunqjtion is true, a straight line gi'aph is expected when log Tt 
is plotted against IjT, 

Here the relaxation time r has been calculated from the relation 

r= .Kt-! 

we" e,/-|-2 


4 
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The calculatofl values of log Tt for clifforoiit fretiueiioios ai’e plotted against 
and the graphs are shown in figure 7. All these graphs are straight lines whic^^‘ 
justify our previous assumption. 

Tho resistivity of an insulating material is due to laek of mobility of its charge 
carriers and so depends on its inner viscosity, Hence the resistivity and inner 
viscosity arc related to temperature Jii a siimlar fashion. We find, however, 



Fig. 8. 


from the results of resistivity and viscosity determinations at different temperatures 
shown in Tables TT and ITT respectively that tho resistivity and macroscopic 
viscosity behave similarly with temperature. In figure 8 logarithms of both 

d.c. resistivity and viscosity are plotted against ^ and it may be seen that both 



The Dielectric Properties of Rosin 563 

the graphs are straight lines and they are almost parallel, signifying that they 
have almost same value of molar activation energy. 


TABLE I 


Frequency 

in ko/s 

Temporatnfe 


Eeloxatioti 

time in sec 


ec 

T'^K 

i. 

log Tt 

1 

00“ 

333 

3.003 

9.13x10-4 

-0.617 


70“ 

343 

2.916 

2.70x10-4 

-1 .003 


77" 

350 

2.857 

1 .48 x 10-4 

-1.286 


80“ 

363 

2.833 

1.21 X 10-4 

-1.369 


90“ 

363 

2.756 

4.44x10-4 

- 1.793 


100" 

373 

2.681 

1.20X lO-i 

-2.349 


60“ 

333 

3.003 

1 .62x10-4 

-1.268 


70" 

343 

2.916 

5 60x10-'^ 

-1.717 

10 

80“ 

363 

2.833 

3.00x10-0 

-1.901 


88“ 

361 

2.773 

1 48x10-0 

— 2.272 


90° 

363 

2.766 

J .28x10-5 

-3 323 


100° 

373 

2 681 

6.02xl0'f- 

-2.728 


110° 

383 

2.611 

1 .86xl0-« 

-3 150 


120" 

303 

2.545 

1.19X lO-o 

-3.330 


70° 

343 

2.915 

1 . 51 X 10-0 

-2.286 


80° 

353 

2.883 

6.71 X lO-r. 

-2.626 


90° 

363 

2.766 

3 47XlO-<' 

-2.900 

100 

100° 

373 

2.681 

1 .48x10-'! 

-3.268 


1 10" 

383 

2.61 1 

5.70X10-T 

-3.601 


120° 

303 

2.546 

3.13x10-7 

-3 911 


130° 

403 

2.481 

1. 39 X 10-7 

-4 261 


TABLE n 

D.C. conductivity and resistivity — temperature 

Temperature 

D.C. Conduc- 
tivity 

1 K-o 

— Xl0« mho-cm-i 

D.C. Resisti- 
vity 

P 

ohm-om. 

log P 

fO 

T^K 

110° 

363 

2.611 

6.5 X 10-44 

1 .64x1013 

13.1671 

120" 

393 

2,546 

s-iexio-ia 

3.16X1013 

12.6003 

130° 


2.481 

1.14x10-13 

8 77x1011 

11.9341 

140° 

413 

2.421 

6.89x10-13 

1.70X1011 

11.2299 

160° 

423 

2.364 

2.24x10-11 

4.46X1010 

10.6468 
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TABLE III 


Viscosity — ^Temperature 


Temperature 

1 xlOa 
T 

Visooisity 

-n 

in poise 

lot» 

i°a 

T°K 

75 

.S48 

2.874 

7,870 

3.806 

80 

.3ri3 

2 8.33 

3,020 

3 . 480 

8.5 

.358 

2.793 

1,060 

3.025 

90 

.36.3 

2.756 

.372 

2.673 

06 

308 

2.717 

112 

2.060 

100 

37.3 

2.681 

60 

,1.778 


Hence from all these evidences it w(mld not be very much wrong\to assume 
that the macroscopic viscosity if the inner friction for our purpose herel 

fii order to obtain the dimension of the rotating iiitit from the relation 

^ KT 

This may be calculated from 


at the point whore the maximum dielectric loss takes place for any frequency 
in the loss factor — temperature (e"-temp) graph, r/* being the value of the die- 
olectric constant at very high frequency and is the dielectric constant at very 
low frequency i.e., the static dielectric constant. These values of e' ^ and arc 
estimated from e'—log/ graph corresponding to a temperature at whu h the die- 
olectric loss is maximum for a particular frequency f and arc used in the calcula- 
tion of the relaxation time t. Now knowing the viscosity corresponding to the 
temperature at which the loss maximum occurs and using it in the equation 

_ 47ri/a® 

the radius of the rotating unit can be obtained. Table TV shows the results of 
such calculations, from which it may be seen that the values, though computed 
from different data, are more or less in close agreement. The range of variation 
is narrow around the most probable value of 4.6 A. 


we should know the value of the relaxation time r 
another relation due to Debye, viz., 

0)T = 

«'„+2 
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TABLE iV 

CJalculatecl relaxation tune and radius of the rotator 


Loss 

inaximum 

iomperaburo 

T. 

Reliixation 

time T 

in sec 

I'kequeney 
in ko/s 

log V 

Radius 
of the 

I'Otnior 

‘a’ in A 

77° 

1 48xl0-i 

1 

3 80 

4 55 

88" 

1 48x10 ‘‘i 

10 

2 78 

4 60 

96" 

2.97xl0-« 

60 

2.10 

4.55 

100" 

1.48x10-0 

100 

1.78 

4.65 


The average dimension of the rotating unit ho obtained reveals an interesting 
fact. The radius of the abietic acid molecule, the chief constituent of ropin, 
theoretically calculated from its esiablished chemical structure is of the same 
order. This suggests thai. abietio acid molecule as a whole takes pari, in the 
orientation. 

It may be mentioned hero that from a similar study of the dielectric pro- 
pel ties of a flample of M^ood rosin, Kitchin and Muller (1928) aho obtained the 
dimension of the rotating unit as 4.8 A which m almoBl equal to the value 
obtained here. 
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COLOUR CENTRES IN PENTAHYDRATE CRYSTAL 
OF SODIUMTHIOSULPHATE 


KAPIL DEO PRASAD 

Depahtment ott Physios, Patna University 
(iJficeiW. for jmhlication, May 23, 1968) 


ABSTRACT. It has bren observed that pentahydrate crystals of sodium thiosulphate 
develop a yellow coloration after a few hours of iri'adiation by X-rays, Spectrophotomotrio 
analysis revealed that the coloured crystal has an absorption maxima at about 400 mja. 
Even when kept, in darkness, the crystal loses its coloration at a rate depending on the 
temperature. For example, at. -S^C the colour persists for about 16 days without any 
appreciable bleaching and at 29°C it persists for 36 hours with a lot of bleaching. 

The induced coloration disappears rapidly when the crystal is exposed ta monochro- 
matic radiation of a wave-length lying in the region of its absorption band. A ikw absorp- 
tion band at about 1000 mp, is developed after bleaching of the crystal in completn darkness, 
whereas two new absorption bands, one at 1000 mp, and the other at about 680 mp, the F' 
band, appear after bleaching the coloured crystal by light of a wave-length mng in its 
X-ray induced aboarption band. 


INTRODUCTION 

The study of the physical properties of crystals, which have been coloured 
either by exposure to X-rays, or cathode rays or by stoichiometric excess of the 
alkali metals, occupies an interesting place in the solid state plyrsics. It ijippears 
that the coloration of crystals of alkali halides by cathode ray bombardment 
and subsequently by X-ray irradiation, was first observed by Goldstein (1896). 
Pohl (1937, 1938) gave the name of F band to the absorption band in the visible 
region developed in these crystals and ascribed the absorption to the production 
of absorbing centres in the crystals, which they called F centres (from the German 
word Farbzentren or colour centres). 

Molnar (Seitz, 1946) observed that the coloration produced tends to a satura- 
tion value depending on temperature, the nature of the crystal and the intensity 
of the X-ray beam and that besides the F band, a new absorption band (called 
the V band) on the ultra-violet side of the F band and another (called the M band) 
on its infra red side are also produced by X-ray irradiation. 

The F band is also induced in alkali halide crystals when they are heated in 
an atmosphere of the alkali metal vapour and then cooled rapidly to room tem- 
perature {i.e., quenched). If instead of quenching, the crystal is cooled slowly 
after heating, an additional absorption band is observed and this is probably due 
to the formation of ooUoidal aggregates of the excess alkali metal (Hirschlaff, 
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1938). This additional absorption band lios between 550 — 600 in NaCl 

depending on the size of the colloidal aggregates, the wavelength of the peak 
of the absorption band increasing with tho size of the colloidal aggregates. The 
crystal appears blue by transmitted light. 

Besides the coloration of alkali halides, the coloration of a few other crystals 
like that of chromo-alum (Braun, Many and Simehen, 1954), BaF^ and OaFg 
(Smakula, 1960), etc. by X-ray iiTadiation, has been observed and studied. It 
appears tJiat no previous Avorkor has studied the coloration effects in sodium 
thiosulphate crystals by X-ray irradiation and therefore the present investigation 
has undertaken to study this phenomenon. 
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EXPERIMENTAL 

Pentahydrato crystals of sodium thiosulphate were i^repared iu the laboratory 
from saturated solutions of Merck's sample of the salt in distilled water. The 
single transparent crystal was cut to the suitable size (2.0 cm x 1 cm x 0.5 cm) 
so as to lit in the o^ll holder of the Beckma^n’8 Du model speotrophotometei-. 
The transmittance of the unexposed and un coloured crystal was first measured 
in the wavelength region 200 in/A to 2000 nyi Figure 1 shows the plot of the 
absorption of the crystal calculated from the measuied transmittances. 

The crystal was then irradiated for about 5 hours at room temperature 
(about 20°0) by unfilterod radiation of a copper target emerging through a beryl- 
lium window, the tube current being 8 mA at 50 KV The crystal developed a 
yellow coloration Its transmittances for different wavelengths were measured 
immediately after completion of irradiation and Curve 1 of figure Ji shows its 



Fig. 2. 


absoiption calculated from the transmittance data. Curves 2 and 3 of figure 
2 show its absorption in different wavelength regions observed after the crystal 
had been in dark at room temperature for five days and 54 days respectively. 



Colour Centres in Pentahydraie Crystal, etc, 569 

It ha>s ftlso been foun^ that the coloured crystal can be bleached by uradiatiQD 
by a light of wavelength in the region of its absoi'ption band. A second crystal 
was coloured by X-ray irradiation and its absorption curve (curve I of hgure 
3) was obtained immediately afterwards. The coloured crystal was then irradiated 
by light of tho wavelength in the absorption band (i.c., 405 m/t) for about 7 hours 
by placing it in the monochi omated beam of 405 m^ in tho BIT model of Beckmann 



^ m — ► 

Fig. 3. 


spectrophotometer. Table I is the observation for such irradiation. Curve 2 of 
figure 3 shows the extent of bleaching effected by exposure to light of wavelength 
in the region of its absorption band. 3^he crystal was then left in dark at room 
temperature for 15 days more and (hirve 3 of figure 3 shows its absorption after 
this period. 

JMSCUSSION OF KEaULTS 

It is clear from figure 1 that unexposed, colourless and transparent single 
crystals of sodium thiosulphate have negligible absorption in the region 300 mii 
to 2000 mfi and perhaps beyond 2000 m/t also. After irradiation by X-ray the 
crystal is coloured and this coloration is due to an absorption band at about 
400 m/M . From Ouive I of figure 2 there is an indication of tho preseno© of anothoi- 
band beyond 2000 m/i,. Measurement could not be extended beyond 2000 m/t on 
5 
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aooouni M the non-availability of an infra red Bpeetrophotometer. 1 shall call 
the absorption band at 400 m/e as the F band and that beyond 2000 m/e as the 
M band coiTcsponding to the F and M ban<l8 developed in alkali halide crystals. 
The mechanism of the ijroductiou of the colour centres responsible for these 
absorption bands are probably the same as that for alkali halide crystals, namely, 
the trapping of electrons and holes produced by energetic photo-electrons released 
by the impact of X-ray ijhotona. 

Curve 2 of figure 2 shows that the F and M centx’es are not stable but decay 
with time even in complete darkness probably due to thermal impacts. Those 
curves also show that while F and M bands are bleached almost completely, a 
new absorption band appears at about 1000 m/<^. TJu's is most likely due to the 
gradual drifting of the trapped electrons in the F and M centres to centres of 
gioater stability. 

Curve 3 of figure 2 shows that after 54 days the F and M bands are almost 
completely bleached while the band at 1000 m/i still persists together with the 
formation of a band at about 460 mfi which may be ascribed either to thelormation 
of colloidal aggi'egates during the process of bleaching or to the driftmg of the 
trapped electrons to centres of greater stability. After the above prooeiL of self- 
bleaching, the crystal still retains a faint bluish tinge. ' 

Curve 1 of figure U is' the absorption curve of another crystal of sodium 
thiosulphate coloured by X-ray irradiatioii. The crystal was then iiTadiated with 
light of wavelength 405 m/i, and the ro.sulting decrease in it.s absorption is given 
in Table I. The in crease m per cent transmittance with time has boon plotted 
in figure 4. It is seen that in this case also the F and M bands are bleached just 



Fig. 4. 
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as wheu the coloured crystal is left m daa'kiiess for a long time; but in the present 
case the bleaching time is much snialler In this case also a new band at UK)0 mfi 
and another at 580 nijii appear after bleaching. I shall call for the present the 
band at 580 m/ 4 ., the F' band, This F' band lasts for a much longer time when 
the crystal is left in darkness. 

The number of F centres per c.c. formed in the crystal as a result of X-ray 
irradiation was calculated from the equation (Pohl, 19117) 


-l.:il X 10" 




Where, Nq is the number of colour centres per unit volume. 

Uq ,, ,, refractive index of the cL-ystal ^ 1.5 

>> >’ absorption constant for the band maxima in cm""^ 

^ ,, half width of the band in ev 


( 1 ) 


The values of the number of the tiolonr centres per c.c. present in the crystal at 
various stages have been calculated and are given m tabular form in Table II. 


The pentahydrate crystal of sodium thiosulpliate, Na^SgO-^-f 5HaO, has 
a complex structure while tho alkali halide crystals have relatively much simpler 
structure. Further studies on other physical properties associated with the 
formation of colour centres by X-ray irradiation, are necessary before venturing 
to explain all the observation.s reported above. 


I’ABLE I 


Time (hours) % Transmission Absorbance 


0 

24.4 

613 

1 

26.9 

.675 

Dark interval for 19^ hours 


20i 

41.6 

.381 

21^ 

42.4 

>373 

21J 

42.8 

.369 

22J 

43.2 

.364 

2H 

43.8 

.368 

2H 

44.3 

.364 

Dark interval for 22 hours 


46^ 

52.2 

.282 

48 

62.7 

.278 

484 

52.9 

.270 
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table n 


Fig. 

Curve 

Kmax 

H 

^0 


1 

7.70 

1.01 

84.5xl0ir. 

2 

2 

2.21 

41 

6.85X 


3 

1.67 

.12 

2.20X 


1 

3.05 

.59 

19.67xl0in 

3 

2 

1.20 

.16 

2.07X ., 


3 

.92 

0 

Ox „ 
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ABSTRACT. The absorption of 3 . 1 8 mu miorowavoB in solutions of o-chlorophonol 
in CCI 4 has been studied using optical method. It has been found that ilio 15% solution 
exhibits maximum absorpi ion at 0°C and the 7 5% solution shows the maximum at 
The aggregate absorption is found to increase with loweiTng of concentration. These results 
have been discussed in the light of those observed in the investigations on tho infia-rod 
and Raman spectra of solutions of the compoimd in different solvents reported by iirevious 
workers. It has been concluded that in dilute solution in CCI 1 , tho OH group in most ol 
the molecules possesses freedom of rotation 

INTRODUCTION 

The Raman Bpoctra of soliitJouB of o-chloropheiiol 111 cliffei eut solvents have 
been studied by Mukherjee (U)58) and it has liceii observed that the intensity 
of the lino 3533 ciiv ^ increases when the liquid is dissolved ni the solvents and it 
increases further when the ooncentration is dimiuishetl from 30yo to 16%. He 
pointed out that as this line is assigned to the OK valence oscillation in tho 
molecule with the OH group in the ^mw-s-position, such molecules become predomi- 
nant in very dilute solutions. He further pointed out that the assignment 
made by Pauling (1936) of the .strong infrared absorption peak at 6910 cm-^ in 
OCl^ observed by Wulf and Liddel (1935) is probably not con’ect. More recently, 
8irkar, Deb and Bauer jee (1958) from an investigation on infrared spectra of the 
solutions of o-chlorophenol concluded that in dilute solutions most of the mole- 
cules have the OH group in the tram configuration. They observed that the 
spectrum due to pure o-chlorophenol in the liquid state consists of three broad 
absorption maxima indicating the presence of large number of double-mole- 
cules as suggested by Pauling (1945) and also some molecules of ck and tram 
configurations. Similar conclusions wore also arrived at by Roy (1958) who 
studied the electronic spectra of o-chlorophenol in ditforent solvents at different 
temperatures. 

The absorption of 3.18 om mioiwavos in o-chlorophenol and ^i-chlorophenol 
was studied by Ghosh (1966a) who found that although p-ohlorophenol* shows 
absorption in the range SO^C— 170°C with the maximum at 86°C, o-chlorophenol 
• Communicated by Prof. S. 0. Sirkar. 
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does not show any absorption throughout the temperature range from the 
freezing point up to the boiling imint of the substance. He explained this by 
assuming that most of the molecules in the liquid state are of the cis form. 

The results of the investigations on the Kaman spectra and the infrared 
absorption spectra of solutions of o-chlorophenol mentioned above indicate, 
however, that the OH group has freedom of rotation in some of the molecules in 
the solutions. In that case such solutions should exhibit absorption of micro- 
waves at proper concentrations and temperatures to produce proper values of 
coefficient of viscosity. The present investigation was undertaken to find out 
whether such absorption takes place in the 3-cm region. 


EXPERlMENTAt. 


I 

The experimental arrangements and the method of determiniilg absorption 
maxima were similar to those used by Ghosh (1964a). A klystron oscillator 
of the type 793A was used as the source of microwaves of frequency 9416 Mc/sec. 

Chemically pure samples of o-chlorophenol and carbon tetracHJorido Were 
dehydrated and fractionated. Woper fractions Avere collected and’ redistilled 
under reduced pressure. Solutions with 15% and 7.6% molar concentrations 
of o-chlorophonol in OOI 4 were used. In the case of 15% polution the absorption 
was studied in the temperature range from 40° 0 to about — 20°0. The solution 
Avas diluted to 7.5% and its temperature was lowered up to — 50°C in order to 
find out the temperature at which maximum absorption takes place iq tliis case. 
The values of the static dielectric constant, refractive indbx and the' coefficient 
of viscosity were required for the calculation of the radius of the rotor. These 
data of the solutions of o-chlorophenol in CCI4 wore not available in the standard 
literature. The dielectric constant was measured in the laboratory. A tuned 
circuit with a special type of cell connected parallel to a standard condenser 
was loosely coupled to the coil of a constant frequency oscillator. The cell used 
for this purpose consists of a gold plated brass cylinder placed coaxially inside 
another hollow gold plated cylinder and the inner cylinder is kept insulated 
from the outer one Avith the help of a polystyrene cap. The thickness of the 
annular space between the cylinders is 3 mm. 


The values of coefficient of viscosity ^ of the solutions at the required tem- 
peratures were calculated from the formula if — where aj’s and ^’s 

are the mole-fractions and coefficients of viscosity of the pure components at the 
temperature concerned. The coefficients of viscosity of pure o-chlorophenol and 
pure carbon tetrachloride were obtained by extrapolating the data given in 
the International Critical Tables, 


From the refractive indices of the pure substances, the refractive indices of 
the solutions were calculated by using the standard formula. 
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RBSULTfS AND DISCUSSION 
The coefficioiii of absorption jii was calculated fi'om the formula : 

- loge(i«/i) 

where x is the thickness of absorption cell and IJI is the ratio of the currents 
ill the detector without and with the coll in its position respectively. The 
values of log IJI plotted against temperature of the 7.5% and 16% solutions 
are shown in the two curves reproduced in figure 1. 

The maximum absorption in 16% solution lakes place at O^C and that 
for 7.5 % occurs at for microwaves of froquencY 9415 Mc/sec. The relaxa- 

tion time T was calculated from Debye’s equation . 


OiT = 


eiH-2 V 


where is the static dielectric constant of the solution and the dielectric cons- 
tant of the solution at frequencies in the optical range which was taken to bo the 
square of the refractive index n of the solution at 20“C for sodium D-line, as the 
values of refractive indices at lower temperatures were not available. 

The value of tlie radius a of tJic roioi* ivas calculated from Debye’s equation 


Itt// 

Avliere ?/ is the coefficient of viscosity at the temperature T°K. 'The values of 
a and the constants used in the calcidation of a arc given in Table T. 



Fig. 8, Absorption of 3. 18 cm microwaves m solution of o-ohlorophenol in CCl.i. 
Curve A - 7.5% solution (molar concentration) . 

Curve B- 15% „ ( „ )■ 
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TABLE I 


Molar Con- 
nontrationB 
of o-chloro- 
phonol in 
CCI 4 sol. 

Temp, for 
maximum 
absorp- 
tion m ®K 

Static 
dielectric 
constant 
of sol. 

n 

iJXlOO 

T X 1011 
(in sec.) 

ax 108(om) 


273‘’K 

3.71 

1.47 

1 9 

1.67 

1.39 

7.5% 

20O'’K 

2.00 

1.47 

2.7 

1,63 

1.43 


It can bo soon from figure 1 that the solution of o-chlorophenol exhibits 
absorption in 3-cni microwave regioii. The maximum absorption occurs at 
— 13°C for the 7.5% Bolution and that for the 15% solution occurs at 0 ®C. The 
peak of the curve for 7.5% is higher and much broader than the poak of the 
other curve. The radius of the rotor calculated by using Debye’k formula is 
found to be approximately 1.4 A in both the cases. It is of the samelordor as that 
of the freely rotating OH groups observed by Ghosh (1954Z>; 19566,Jj) in phenols 
and alcohols \ 

Ghosh (1956a) did not observe any absorption of 3.18 cm waves in pure 
o-chloro])henol throughout the teinperatui'e range from the freezing point to the 
boiling point of the liquid. Ho concluded that most of the molecules have theii* 
OH group in cift position with respect to the chlorine atom of the same molecule 
m the xjuro liquid. The results of the jiresent investigation, however, show that 
in solutions of o-chlorophenol in CCI 4 the OH group is free in some of the molecules 
and the radius of the rotor is found to be of the same order as tljat of the 
freely rotating OH group. It is, therefore, clear that hj^drogon atoms of OH 
groups in the molecules of o-clilorophcnol in solutions in C 01 ,i are not chelated 
as observed by Ghosh (19555) in pure liquid. The fact that the peak of the curve 
for 7.5% solution is higher and broader than that of the other curve indicates 
that the intensity of absorption is higher for 7.5% solution than for the 15% 
solution. Hence the number of molecules with free OH group is greater in 7.5% 
solution than that in 15% solution. Thus ihe observations in present woik sug- 
gest that the OH grouji in most ot the molecules of o-chlorophenol in dilute solution 
in CCI 4 possesses freedom of rotation about ati axis coinciding probably witli 
the diameter of benzene ling passing through the carbon atom to which the OH 
group is attached. This further shows that in the dilute solutions of o-chlorophenoJ 
in COI 4 , a xiredominantly large number of molecules of o-chlorophoiiol have 
their OH groups turned to the ^ra^^ 5 -pobition with reispect to the chlorine atom 
by the influence of the solvent molecules. 

Mukherjee (1968) concluded from the results of investigation on the iiamaii 
spectra of the solutions of o-chlorophenol in different solvents, that the OH 
group is free in most of the molecules in the solution. Sii’kar, Deb and Banerjeo 
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(1068) inveBtigated the infracted abeorptioii speotra of the solutions of o-chloro- 
phenol in carbon tetrachloride and cyclohexane of different strengths and also of 
the pure liquid. In the case of pur© o-ohlorophenol they concluded from 
the results that there are some dimers in the liquid as proposed by Pauling (1945) 
and the feeble absorption produced in the region 3500 cm“^— 3600 om-^ might be 
due to OH oscillation in a small percentage of single molecules of confi- 
guration, They further observed that with the change of concentration from 
30% to 5% the number of such tingle molecules of trans coj}figuration increases 
rapidly. The results of the present investigation corroborate the conolueions 
drawn by the above workers, because at the lower concentration the aggregate 
absorption is much larger than that in the 16% solution. 
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THERMOLUMINESCENCE AND PHOSPHORESCENCE SPECTRA 
OF SOME PURE AND IMPURITY ACTIVATED 
ALKALI HALIDES 

B. C DLTTTA* and A. K. GHOSH ' 

Khaiha LABOHATORy or Pitysics, Universitv Collkgj!1 of Soik 
Calcutta. 

(Received for pubhcation, September 25, 1958) 

In order to liavc a better insight into tho meehanism of luminesconco 
emission the thermolumiiiescenco spectra of NaCl, NaF, NaJ, KI, LiCl and also 
those of thallium activated NaCl, NaBr, KI were studied. The measurements 
were confined in the spectral range 330 m//.— 650 m/<. ^ 

Glow peaks were observed both above and below room temperature. On 
examination of the r^3Bult8 it will be evident that most of the glow peaks observed 
are below room temperature. This is possibly beesause of the fact that the 
irradiation by 10 KV cathode rays had been done mosHy at liquid oxygen 
temperature and so the high temperature glow peaks are either Aveak or absent. 

All alkali halides have visible thermoluminesoeuce emission. There may 
be different spectral bands in the fame glow peak. The thermal activation 
energy for visible and ultra-violet emissions may or may not be different, i.e., 
there may be visible and ulti’a-violot emissions in the same glow peak or only 
visible or only ultra-violet emission. 

Coincidence of thermal bleaching of colour centies and thermoluminescence 
has been reported by many workers (Dutt.on et aL, 1953 ; Sharma 1962, 1956 , 
Halperin et al, 1957) and it is assumed that the two processes are closely related 
to each other. Both may have the same origin or one may be the cause of the 
other. In most casef it is observed that the samples are coloured on irradiation 
This colour disappears or changes at specific temperatures indicating a change 
in the absorption bond. 

’‘'Now at Birkbeck College, London. 

fNow at University of Notre Dame, U.S.A. 
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On incorporation of impurities into the host crystal there is generally an 
increase in the liminescence intensity ; trapping and Inminet cenoe centres are 
perturbed or destroyed and new centres created. 

The observed omissions for the pure sample are assumed to bo duo to release 
of trapped electrons (holes) and its recombination with holes (electrons). In 
some cases there may be tunnelling of trapped electrons to trapped holes. Exci- 
tons probably play an intermediate role in the luminescence emission process. 

TABLE 1 


Therm oluminoscence spectra 


Phosphor 

Glow peak 
temperature 
in “K 

Luminescence 
band maxima 
in m jU. 

Itemarke 

NaCl 

160 

432,540 

After lOKV cathode ray irradiation at OO’K. 


232 

484 

After lOKV cathode ray irradiation at 300“K 


645 

416,519 

Nal 

164 

622 

After lOKV cathode ray irradiation at 90“K 

NaP 

186 

403 



290 

416 

,, 

K1 

104 

668 



190 

670 



820 

478 

,, 

Li Cl 

118 

423,628 



226 

460 



314 

647 


NaCl ; T1 

163 

416, 610 


(2.6%) 

227 

418,616 



489 

470 



493 

610 


NaBr -. T1 

109 

610 

M 

(2.6%) 

184 

660 



279 

448 



423 

500 


KI:T1 

224 

460 


(2.6%) 






TABLE II 



Phosphorescence spectra 


Luminescence 


Phosphor 

band maxima 

Bemarks 


in m ju. 



NaCl 

436, 

640 

After lOKV cathode ray irradiation at OO^K 

KT 

670 

•» 


The authors wish to thank Prof. S. N. Bose for his constant interest in the 

work. 
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ON THE CALCULATION OF RELAXATION TIMES 

C. R. K. MURTY 

Physios Department, Andhra ITnivbrsity, Waitair 
{Rf^wived for publioaUon, September 30, 1968) 

Chau, Le Fevre and Tardif^ have suggested an empirical equation to cal- 
culate the relaxation times of polar molecules in dilute solution in non-polar 
solvents. From the known physical properties of the solute and solvent they 
have calculated the relaxation times for a number of polsjr molecules in 
different solvents using the equation 

T = 7T7}i{Qxp ^i)ABGI2{ei-\~2)kT \ ■■•(!) 

where and ej are the viscosity, depolarisation fatitor observed in Rayleigh 

scattering and the dielectric constant of the non-polar solvent, while ABC are 
the dimensions pertaining to the solute molecule. They have compared the 
calculated relaxation times with their observed values and found reasonable 
agreement. 

I 

Another empirical equation namely, • ‘ 

r = 67riyia/(€i+2)i;T ... (2) 

is now suggested in which and are the viscosity and dielectric constant of 
the solvent and a is the polarisability of the solute molecule. This equation 
avoids the necessity of knowing A^ and ABC^ the quantities which cannot he 
easily obtained, a can be easily computed from a knowledge of the refractivity 
of the solute molecule. 

The relaxation times calculated using equations (1) and (2) are given in the 
following table together with the observed values as given in reference (1). The 
data necessary for the calculation have been taken from (Chau etal, 1957). 

An examination of the table shows that equation (2) in its simpler from 
gives equally satisfactory values for relaxation times as equation (1). The 
equation (2) has been tested for a number of other solutes and is found to give 
reasonable values for r. Full details will be published elsewhere, 
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TABLE T 


Solute 

Solvent 

Tead) 

Toq(2) TobB 

X im* SoC. 

Nitrobenzene 

ecu 

13 

14 

13-20 



13 

9.0 

11-16 

Nitronaphthalene 

ecu 

19 

21 

26 


CflHfl 

18 

14 

20 

Nitroanthroceue 

ecu 

24 

30 

23 


CeHfl 

23 

20 

28 

Pjrridine 

ecu 

20 

9.6 

7.2 


CeHfl 

10 

0.3 

4.4 

Quinoline 

ecu 

16 

16 ) 

14 


CflHe 

14 

11 

10 

iso-Quinoline 

ecu 

16 

17 

21 


CeHfl 

14 

11 

16 

Acridine 

CCI 4 

19 

24 

26 


CeHo 

18 

16 

20 

4-Nitrodiphenyl 

ecu 

20 

23 

21 


C«Ho 

20 

16 

30 


REFERENCE 

Chau, J. Y. H.. Le Fevre, R. J. W., and Tardif, J.. 1967, J. Ohm, Soc., 2293. 
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CONPIGURATIONAL INTERACTION IN MOLECULAR. 
ORBITAL THEORY AS APPLIED TO INDENE 

S. RAMAMURTY 

Mathematical Physios Dhtahtment, Andhra University, Waltaib 
{Reoeived for pubUcaHon, November 12, I9ft8) 

From the work of Craig, Jacobs, Coulson and Altmann (1960a), it is clear 
that to get reliable estimates of the energy levels of the molecules it is necessary 
to take into account the considerations that molecular states arise from super- 
position of configurations, that the influence of cr electrons must not be ignored 
and that orbitals play an important role in the structure of molecules. 
Pariser and Parr (1950b) have given a method of calculating the effedt of inter- 
action of configurations which, in a fairly simply way, enables us to take into 
account also the influence of o' electrons. Adopting this methocl further 
calculations have been made on indene, following up the author’s previous 
simple ASMO treatment of this molecule (Coulson and Jacob, 1951) 

The molecular orbitals and their energies have been obtained by setting up 
-aiid-aolving jbhe...sec.ular eLquation,. ignoring overlap and non-neighbour re sona nce 
integrals as a first approximation. 

The configurations which have been selected for interaction arc the ground 
configuration and all the singly excited configurations. The formulae expressing 
the interaction between the configurational wave functions have been Obtained 
using McWeeny’s results (Coulson and Craig, 1951). The required integrals over 
M. O.’s have been numerically obtained by a matrix procedure. The C.I. matrix 
has been diagonalized, yielding the energy values as also the coefiioients of the 
configurational wave functions in the state wave functions. The results of the 
calculations together with the experimental data are given in the following table. 


TABLE 

Calculated and Experimental Spectral positions 


Calculated 

(e.V) 

Bxperimenial (e.V) 
Vapour Solution 

Difference 

3.7 

4.3 

4.3 

-0.6 

4.7 

4.9 

4.6 

-0.2 

e.3 

5.6 

5.6 

0.8 
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There is agreement betweeix the predicted and observed values to within one 
electron volt which may represent the order of accuracy in such calculations. 
Full details'of the calculation Avill'be published shortly. — • 

ACKNOWLEDGMENT 

Thei author is deeply indebted to Prof K. R. Rao for his kind -and invaluable 
guidance throughout the progress of the. work. 

REFERENCES 

Altmanu, B. L., 1952, Proc. Iloy Soe., A 210, 327. 

Altmonn, S. L , 1952, Proc. Roy Soc,, A 210, 343. 

Craig, D. P., 1960«, Proc. Roy. Soc., A 200, 474. 

Ci-aig, D. P., 19506, Proc. Roy Soc., A 202, 498 
Coulson, C. A., Jacob, J , 1961, Proc. Roy. Soc., A 206, 287. 

CoulHon, C. A., Cvaig, D. P , and Jacobs, J., 1951, Proc. Roy Sov., A 206, 297. 

■ Jacobs, J., 1956, Proc. Phya. Soc., A 68, 72. 

McWeeny, R., 1965, Proc. Roy. Soc. A 282, 114. 

Pariser R, and Parr, R. G., 1963, J. Chem, Phya., 21, 446. 

Parisor R, and Parr, R. 1953, J. Chem. Phya,, 21, 767. 

Paririor, R. 1956, J. Chem. Phya., 84, 260. 

Ramamurty, S, 1953, InU. J. Phya, 27, 504. 



14 


PREDICTED ELECTRONIC SHIFTS IN FLUORINATED 
NAPHTHALENES 

S. RAMAJitURTY 

MATIpOlOATICAL FjiYSlOS DbPABTMKINT, AmDHBA. UniVEBSETY, WaIiT^IR 
{Reoeived for publication, November 12, 1968) 

Murrell and Longuet-Higgins (1955) developed a method of calculating 
inductive perturbations taking configurational interaction into account and 
obtained satisfactory results in the case of benzene. Using this method and the 
available experimental data corresponding to system I of the vapour absorption 
bands of a and fluoronaphthalenes (Ramamurty and Rao, 1957), the values 
of the parameters A and d have been found to be 

A ^ -0.0262, 52 ^ QJ304 

For the significance of A and S reference may be made to the paper ^f Murrell 
and Longuet-Higgins (1966). 

Using these values the shifts corresponding to the system in other flu'orinated 
naphthalenes may be calculated. The values thus pi*edicted for some of these 
are given below • 

TABLE I 



Molecule 

Shift to the red 
in o.V. 

1, 2 

Fluoi’onaphthaleno 

0.0587 

L 3 


0.0656 

1. 4 


0.0606 

1, 2, 3 


0.0894 

1, 2.4 


0.0900 

1. 2, 3, 4 


0.0987 


Experimental work on the absorption of these and other fluorinated naph- 
thalenes is desirable to enable a verification of the correctness of these predictions. 
This work is proposed to be taken up as soon as the substances become available. 
Full details of the calculations will be published shortly. 
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